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Description 

BACKGROUND OF THE INVENTION 
Field of the Invention 

The present invention relates to an article having a layer for improving its resistance to scratching on a surface 
thereof and a method of making the same. In particular, it relates to optical articles such as plastic lens for glasses, CRT 
display, optical lens, and liquid crystal cfisplay device, as well as methods of making the same. 

Re^ed B a ckg round Art 

In order to improve the scratching resistance of an optical article such as plastic lens for glasses, techniques have 
been known for forming a coat called "hard coat" on a surface thereof. In order to form this coat, there has been con- 
ventionally used a (dipping) surface processing technique in which the object article is dipped into an immersion agent 
such as si lane coupling agent This dipping surface processing technique has been considered to be a very effective 
technique when the material of the object article is a synthetic resin, in view of the heat resistance of the material. 

In the dpping surface processing technique, however, when the material of the coat is changed, the composition 
of the immersion agent has to be changed in response to the refractive index thereof. Accordingly, each time a new lens 
with a high refractive index is developed, rt is necessary to develop an immersion agent for forming a hard coat with a 
refractive index suitable therefor. Also, a dipping surface processing equipment having a variety of immersion agents is 
necessary so as to be applicable to a variety of refractive indices. 

As a method or technique other than the dipping surface processing technique, Japanese Patent Laid-Open No. 5- 
1 40356 discloses a coat manufacturing technique based on plasma CVD. In this technique, in order to improve adhe- 
sion and surface hardness of a transparent resin window, a surface-hardening film of a silicon-containing layer (SiO x 
layer) is formed by plasma CVD In the coat formed by this method, however, peeling of the film occurs in a hot-water 
immersion test at 80°C for 10 minutes, thereby making rt difficult to be applied to articles such as plastic lens for glasses 
in which resistance to hot water is required. 

European Patent EP-2037030 discloses a method comprising the steps of forming an organic silicon compound on 
a substrate for an optical member by the cfipping surface processing technique, forming an anti-reflection f 3m thereon, 
and then forming an organic curable material (water-repellent coat) thereon, thereby forming a coat composed of a plu- 
rality of layers. In this method, however, curing time for the coat according to the dipping surface processing technique 
is so long that it is difficult to realize one continuous step inducing a step for forming the anti-reflection film. 

Further, Japanese Patent Laid-Open No 62-247302 discloses a surface modifying technique in which a silazane 
compound is formed on an anti-rerlection coat tUm of an inorganic material , thereby rendering water repellency thereto. 

Also, there has been known a method in which an 
face processing technique (dipping technique) and then an anti-reflection film is formed thereon by a vacuum deposition 
technique, whereby the number of kinds of immersion agents is reduced. 

Recently, on the other hand, it has been required for plastic lenses for glasses to have an improved durability. In 
particular, as their material has a higher refractive index, there are greater demands for mechanical durability charac- 
teristics, i.e., hot-water resistance; heat resistance, acid resistance, and scratching resistance. Also, improvement in 
aesthetic appearance such as prevention of interference fringe is required. 

Also. Japanese Patent Laid-Open Nos. 7-56001 and 7-56002 disclose that generation of interference fringe is sup- 
pressed when the refractive index of a hard coat layer of a plastic lens is changed in the thickness direction of a plastic 
substrate. Here, the hard coat layer is made of a mixed material comprising a material with a high refractive index and 
a material with a low refractive index, while their mixing ratio is changed in the film thickness cfirection so as to alter the 
refractive index. In this technique; in order to maintain an equflbrium state in a space charge constituted by both posi- 
tive and negative ions of metals, oxygen, and the like generated in a plasma, stable control is necessary for these pos- 
itive and negative ions. In practice, however, when this control is performed for a long period of time, the bias voltage 
generated on the substrate side is tend to become unstable. It may result in a phenomenon in which discharge by 
plasma is continued or interrupted, whereby the atomic composition ratio within thus formed thin film becomes uneven 
while a defect is generated in the oxygen binding state within the hard coat layer. Consequently, thus formed oxide film 
tends to contain a lower codde, whereby the h^ 

becomes more remarkable as the thickness of the hard coat layer is larger. 

An object of the present invention is to provide an arttt^ 
lems, has a high resistance to environment can be made transparent and is effective in suppressing the generation of 
interference fringes. 

Another object of the present invention is to provide a method of making such a coat in a continuous step by a 
vapor-phase growth technique. 
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SUMMARY OF THE INVENTION 

The inventors have tried to form a hard coat layer on a surface of plastic substrates having a variety of refractive 
indices, thereby improving the durabifity of the lens, overcoming the difficulty in gradually changing the refractive index, 
and attaining an optical article which is excellent in anti-reflection effects. 

As a result, the relationship between the durability and thickness of the hard coat layer has been reconsidered. 
Namely, though the hard coat layer has conventionally been formed with a thickness of 3 fim or greater in order to 
secure a sufficient durability, this thickness is found to be too large for gradually changing the refractive index. It is also 
found, however, that the aimed aspect of durability deteriorates when the thickness of the hard coat is made too thin in 
order to make it easy for the refractive index to be gradually changed. 

The inventors have made it an object to provide an optical article which, in a simple manner, forms a hard coat layer 
preventing absorption from occurring while maintaining durability of the hard coat layer and is also excellent in arrti- 
r effect on effects. 

Optical Article 

The present invention provides an optical article comprising a substrate made of a synthetic resin which transmits 
light therethrough; a modified layer which is formed on the substrate and has a refractive index changing with changes 
in the thickness thereof; and a hard coat layer which is formed on the modified layer so as to be continuous with the 
modified layer, has a thickness relatively larger than the thickness of the modified layer, and has a refractive index which 
is substantially unchanged and constant wrth changes in the thickness thereof. 

The present invention provides an optical article further comprising an anti-reflection film on the hard coat layer. 
Also, the present invention provides an optical artide further comprising a nruirtrfunctfonal thin film on the anti-reflection 
film. 

Substrate 

In the optical article of the present invention, usable is a substrate made of a material arbitrarily selected from the 
group consisting of polycarbonate, rjolymethyl methacrylate and Ms copolymers, polymers of diethylene glycol b*s(al lyl 
carbonate) (CR-39, manufactured by Pittsburgh Plate Glass Corporation), polyesters, unsaturated polyesters, acrytoni- 
trie-styrene copolymers, vinyl chloride, polyurethane, epoxy resins, and polymers and copolymers of mono or 
cfi(meth)acryiate containing halogen (other than fluorine) and hydroxy! group and isocyanate compounds. As a polyes- 
ter, polyethylene terephthalate is preferable 

More preferably, usable is a substrate made of any member selected from the group consisting of polymers of 
diethylene cjycol bis(allyl carbonate), polyurethane, and polymers and copolymers of mono or ol(meth)acrylate contain- 
ing halogen (other than fluorine) and hydroxy! group and isocyanate compounds. 

Modified Layer and Hard Coat Layer 

The rrxxfified layer in the optical artide of the present invention can contain at least one of Sn-type, Zr-type, AHype, 
HMype, Ta-type, Si-type, Sb-type. THype. W-type. Fe-type, In-type, and Y-type organic cornpounds; whereas the hard 
coat layer can contain at least one of Sn-type, Zr-type, AMype, Hf-type, Ta-type. Si-type, StHype, Ti-type, W-iype, Fe- 
type, In-type, and Y-type organic compounds. Preferably, the modified layer contains at least one of the Si-type and Tl- 
type compounds, whBe the hard coat layer contains Si and O. 

Preferably, the rnocfified layer has a thickness greater than 100 nm but smaller than 900 nm, while the hard coat 
layer has a thickness greater than 0.4 jim but smaller than 5 jim. 

The modified layer in the present invention is a layer which is f^ 
five index gradualy and continuously changing with changes in the thickness thereof, for example in the direction per- 
perxficuiar to the substrata This is due to a chang e in the composition ratio of mated als wrthi n the rnocfified layer. When 
the rnocfified layer is present between the substrate and the hard coat layer, improvement in shock resistance is seen. 
This is due to the feet that the irrtemal stress remairring in the hard coat layer can be lowered. Further, the adhesion of 
the hard coat layer to the substrate is improved, whereby the interface therebetween can be prevented from being bro- 
ken. 

Antt^eftectfon FBm 

The anti-reflection fibn in the optica! article of the present invention comprises first, second, third, and fourth layers 
successively laminated on the hard coat layer from the substrate side. Preferably, the first layer contains titanium caide 
or arconkim oxide; the third layer contains titanium oxide or zirconium oxide, and the second and fourth layers contain 
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silicon oxide. More preferably, the first layer contains aluminum oxide, the second and third layers contain zirconium 
oxide, and the fourth layer contains silicon oxide 

Also, preferably, while the anti-reflection film comprises first, second, third, and fourth layers successively laminated 
on the hard coat layer from the substrate side, assuming that the optical thickness of each layer is the product of the 
geometric thickness of the layer and the refractive index of the layer, the optical thickness of each of the first and second 
layers is at least 0.05 xX but not exceecfing 0.15 x X, the optical thickness of the third layer is at least 0.36 x X but not 
exceeding 0.49 x K and the optical thickness of the fourth layer is at least 0.15 x X but not exceeding 0.35 xX. Here, A 
is any value of at least 450 but not exceeding 550. More preferably, assuming that X is the central wavelength of light 
incident on the anti-reflection film, each of the first, second, third, and fourth layers has an optical thickness of A/4. 

A further preferable anti-reflection film is formed as TK} 2 and Si0 2 films are alternately laminated on each other, 
while the T1O2 film has a refractive index of at least 2.36 but not exceeding 2.60 with respect to light having a wavelength 
of at least 500 nm but not exceeding 550 nm. This film may be made by a spattering method. 

The surface of the hard coat layer may be exposed to a plasma or ion beam atmosphere comprising, at least oxy- 
gen gas, so as to be activated, whereby its adhesion to the anti-reflection layer can be increased. 

Multifunctional Rim 

The multifunctional fim in the optical article of the present invention is a fim formed on the anti-reflection film and 
appropriately selected according to functions to be rendered. When hydrophitic property is to be provided, a compound 
having a configuration containing a bond of Si-N or Si-N-Si such as an amido-containing silicon compound can be 
appropriately selected for use. Preferable examples thereof include bis{dimethytamino)meth^ 1 .S^^crdo- 

romethyiH.I^.S^etramethylsa^^ and 1,3<fivinyM ,1,3,3-tetramethyxiisflazana 

Also, function for preventing water stain can be provided when an organic compound expressed by the following 
formula is used : 

wherein p is a positive integer. 

In addition to the dipping surface processing technique, a chemical vapor deposition technique with plasma may be 
used to react an organic compound containing Si with a gas composed of a nitro compound introduced thereinto, 
thereby forming a fim made of an amide-containing organic stficon compound as the multifunctional film. 

As the nitro compound, that expressed by the following general formula is preferably used: 

R-N0 2 

wherein R is a saturated or unsaturated aliphatic group including 1 to 4 carbon atoms. 
Method of Making Optical Article 

As a characteristic constitution, the method of making the optical article in accordance with the present invention 
uses a chemical vapor deposition (CVD) technique with plasma. In this method, discharge of a material gas is gener- 
ated when thermal energy and electric energy are supplied thereto, and a reaction is accelerated in a thermally non- 
equifibrium state in this plasma atmosphere, whereby a thin fim is deposited on the substrate. Preferably, it is a plasma 
enhanced CVD (PECVD) technique in which an electric field and a magnetic field are appfied to the main plane of the 
substrate in parallel thereto. Namely, as the magnetic field is provided in parallel to the electric field, an electric field is 
generated, due to the magnetic field, between electrodes opposed to each other, whereby ions in the plasma are accel- 
erated toward the substrate holder side. Also, the plasma density is homogenized due to the electric field generated by 
this magnetic field, whereby damages to the substrate formed by ions, increase in temperature, and the like can be sup- 
pressed. Since damages to the substrate are less, this technique is quite effective, in particular, in cases where a thin 
film is to be formed on a tra^ where there is used a substrate made of a material 

in which side-chain groups are Bkely to be ruptured due to damages with ions or a material in which heat resistance is 
low, and the Eke. 

Specifically, it is a method of making an optical article comprising a first step in which a substrate made of a syn- 
thetic resin is set within a magnetic field in an apparatus which is maintained under vacuum, at least one organic com- 
pound gas selected from the grotp consisting of Sn-type. Zr-type. Al-type, Hf-type. Ta-type, Si-type, Sb-type, Ti-type. 
W-type, Fe-type, In-type, and Y-type organic cornpounds is introduced thereinto so as to form a modified layer on the 
substrate by a chemical vapor deposition tectwuque with plasire; and a second step in which a hard coat layer which is 
relatively thicker than the modified layer is formed on the modified layer so as to be continuous with the modified layer 
by a chemical deposition technique with plasnia using at least wieorgaricco^ 
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sisting of Sn-type, Zr-type. Al-type, Hf-type. Ta-type, Si-type, Sb-type, Ti-type, W-type, Fe-type, In-type, and Y-type 
organic compounds. 

More specifically, the present invention provides a method of making an optical article comprising a first step in 
which a substrate made of a synthetic resin is set within a magnetic field in an apparatus which is maintained under 
vacuum, at least one organic compound gas selected from the group consisting of Sn-type, Zr-type, Al-type, Hf-type, 
Ta-type, Si-type, Sb-type, Trtype, W-type, Fe-type, In-type, and Y-type organic compounds is heated, vaporized, and 
turned into a plasma state as a magnetic field is provided and a radio-frequency output is applied thereto for a prede- 
termined period of time, and the flow rate of the organic compound gas and the radio-frequency output are controlled 
(in CVD technique) so as to form a modified layer, on the substrate, with a refractive index continuously changing with 
changes in the thickness thereof; a second step in which at least one organic compound gas selected from the group 
consisting of Sn-type, Zr-type, Al-type, Hf-type, Ta-type, Si-type, Sb-type, Ti-type, W-type. Fe-type, In-type, and Y-type 
organic compounds is caused to flow in succession to the modified layer and the flow rate of thus flowing organic com- 
pound gas and the radio-frequency output are controlled so as to form, on the modified layer in succession thereto, a 
hard coat layer which is relatively thicker than the modified layer and has a refractive index substantially unchanged and 
constant with changes in the thickness thereof; and a third step in which, within the apparatus continuously maintained 
under vacuum, a plurality of layers are vapor-deposited on the hard coat layer under a predetermined condition to form 
an anti-reflection layer. 

Preferably, the pressure of the gas atmosphere in at least one of the first and second steps is controlled to a pres- 
sure which is greater than 0.1 Pa but smaller than 13 Pa. 

At least one of an organic compound gas containing Si and an organic compound gas containing Ti may be used 
in the first step, while a mixed gas of the organic compound gas containing Si and oxygen gas may be used in the sec- 
ond step. 

As the organic compound containing Si. preferably used are tetraethoxysilane SifOC^H^ dimethoxydimethylsi- 
tene (CH 3 ) 2 SKOCH 3 )2 > metrryttrirnetrioxysil^ CHsSifOChys, tetramethoxysilane SKOCH^, ethyrto'methoxysilane 
Ca^SKOCH^ Q^hoxydin^thylsilane (CH^tOCaH^, methyttriethoxysilane CHaSKOCgHsk trimethoxysilane 
HSKOCKj)* and the (ike. 

As the organic compound containing Ti, preferably used are tetramethoxytitanium Ti(OCH3) 4 , tetraethoxytHanium 
TKOCaHsU. tetra-HyopaxytHanium TifO+GjHy)* tetraii-propoxytitanium TifO-n-Cs^, tetra-n-butoxytitanium Ti(0- 
0-0^4. tetra-Nxitaxytitanium Tip-K^Hg)* tetra-§g£-butoxytitanium Ti(<>sec-C 4 H 9 ) 4 , tetra-l-butoxytrtanium Ti(Oi- 
C 4 H9)4, tetracfiemyterrinottenium T1(N{C 2 H^ 2 ) 4 . and the like. 

The above-mentioned Si-containing organic compounds and Ti-containing organic compounds may be used sep- 
arately as well as in cornbrnation of two or more species. 

For example, when at least one of the Si amount and the organic compound gas amount of Ti is controlled accord- 
ing to the direction of growth of the coat, the refractive index of the modified layer can be changed with changes in the 
thickness thereof. Accordingly, interference fringes due to the difference in refractive index between the substrate and 
the coat can be prevented from occurring. Also, in the case where a Thcontaining organic compound gas is used, the 
mocfitied layer can be made thin so as to become transparent 

The hard coat layer can be made transparent, as the amount of oxygen included in the composition of the organic 
compound gas rs controlled, even when it has a large thickness. 

Accenting to the foregoing methods, there can be obtained an optical article in which the refractive index of the 
rnocfified layer changes with changes in the thickness thereof, while the refractive index of the hard coat layer is within 
the range where it is substantially unchanged with changes in the thickness thereof. Here, the range where the refrac- 
tive index is substantially unchanged or constant refers to the range in which the change in refractive index is within 
±3%. Aiso, the hard coat layer is configured so as to be thicker than the rnocfified layer. 

Near the interface between the modified layer and the hard coat layer, for example, the gas flow rate of an organic 
compound containing a SMype altaxy group is gradual^ while that of an organic compound containing a Ti- 

type ataxy group is gradually decreased. Here, their flow rates are accurately increased and decreased, respectively, 
such that the ratio of their amounts of change in the flow rates are 1 :(3 or less) when calculated as the ratio of the num- 
bers of Si and Ti atoms respectively contained in their amounts of change. According to this operation, the bonding 
strength at the interface between the rnocfified layer and the hard coat layer region can be increased. 

Preferably, an activating process is performed at a step between the second step and mird step to activate the sur- 
face of the hard coat layer. Specifically, in this process the rate of Ti-type organic compound gas and/or Si-type organic 
compound gas is graduaay decreased for about 500 seconds before the completion of the socond step and oxegen gas 
then is introduced to the system for 100 seconds after stopping the supply of the organic gas. 

In the present invention, the activating process means the process of exposing the surface of the hard coat layer in 
the plasma of the gas containing oxygen which is made by introducing the mixed gas with oxygen into the system. As 
the gas mixed with oxygen, preferably used are nitrogen, hydrogen, helium, neon, argon, ammonia, carbon monoaxkJe, 
chlorine, nitrogen mcnocodde. nitrogen ctodde, and the like. 

These compounds may be used separately as well as in combination of two or more species. 
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As the Zr-type organic compound, preferably used are tetramethaxyzirconium, tetraethoxyzirconium, tetra-n-pro- 
poxyzirconium. tetraH-propoxyzirconium, tetran-butaxyzirconiiim, tetra-n-butaxyzirconium, tetra-s^-butoxyzirconium, 
tetra-i^xitcxyzirconium, and the like. As the Sn-type organic compound, preferably used are tetraetoxytin, tetra-i-prr> 
poxytin, tetra-n-butoxytia and the like. 

As the Hf-type organic compound, preferably used are tetraethoxyhafnium, tetran-propoxyhafnium, tetra-t-butoxy- 
hafnium, and the like. 

As the AMype organic compound, preferably used are trimethoxyaJuminum. triethoxyaJuminum, tri-n-propoxyaturni- 
num, trHi>rcpco(yalijrninum, tri-Hxitoxyaluminum, tri-n-butoxyaluminum, tri-sec-butoxyaluminum, tri-t-butoxyaluminum, 
and the like. 

As the Ta-type organic compound, preferably used are pentamethoxytantalum, pentaethoxytantalum, pentapropox- 
ytantalum, pentabtitoxytantalum, and the like. 

These compounds may be used separately as well as in combination of two or more species. 

The basic configuration of the present invention is that it comprises, on a substrate made of a synthetic resin, a coat 
having a modffied layer and a hard coat layer. Preferably, an anti-reflection layer is further disposed on the hard coat 
layer. More preferably, a multifunctional film is further disposed on the anti-reflection layer. 

According to this configuration, the substrate made of the synthetic resin is protected, while the modified layer can 
improve the adhesion between the hard coat layer and the substrate and absorb the shock imparted to the hard coat 
layer, whereby the resistance of the whole coat to environment is improved. Also, the hard coat layer has both compo- 
sition and structure which themselves are excellent in durability, while containing no materials with a high refractive 
index. Accordingly, it can be easily made transparent when the amount of oxygen is adjusted. Therefore, it may be 
formed with a large thickness. The hard coat layer is excellent in mechanical durability and drug resistance. 

Due to such effects of the modified layer and hard coat layer, a plastic lens provided with the coat of the present 
invention can attain a high resistance to environment 

The anti-reflection film can suppress the generation of interference fringes. Also, when it is formed as a thin f Bm 
satisfying an optical condition, it can be marie transparent Thus, each layer formed on the substrate in accordance with 
the present invention can be made transparent Accordingly, the method of the present invention can be preferably used 
for forming a coat for a plastic lens for glasses. 

In the manufacturing method in accordance with the present invention, a manufacturing step for forming a coat in 
one and continuous vapor deposition process is established. Accordingly, the disposal of waste water which accompa- 
nies the surface activation processing or the Rke in the conventional method becomes unnecessary, thereby overcom- 
ing the problem of environmental pollution. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

In order to form, under a predetermined corxftion, a modified layer on a surface of a substrate plastic lens and, sub- 
sequently, a hard coat layer thereon so as to be continuous therewith for the purpose of attaining an optical article of 
the present invention, it is necessary to determine the relationship between the amount of the organic gas introduced 
at each step and the resulting refractive index beforehand. One of examples is explained in the following. 

Containers containing diethoxycfimethylsilane and tetra-i-prcpoxytitanium, respectively, and connected to a vacuum 
chamber are heated so as to vaporize cfiethoxydimethylsflane and tetra-t-propoxytrtanium, and diethoxycfimethylsilane 
gas and tetra4propoxytrtanium gas are caused to flow into the vacuum chamber with f tow rates of 9 SCCM(Standard 
Cubic Centimeter per Minute) and 6 SCCM, respectively. When the pressure in the vacuum chamber becomes 0.7 Pa, 
current of 5 A is caused toffcw through an electromagnet cdl opposed outside of the v^ 

a magnetic field between electrodes, while a radio-frequency output of 2 kW is applied to the cathode for 3 minutes. 
Accordingly, a plasma is generated between the electrodes. The magnetic field stabilises the low-pressure arc dis- 
charga It has been confirmed that when tta gas was changed from 1 1 SCCM to 20 

SCCM while the flow rate of tetra-H^ropoxytrtanium gas was constantly held at 9 SCCM during this period, the refractive 
index of the resulting rrxxfified layer changed from 1.67 to 1.56. During this period, the flow rate of oxygen gas was kept 
at 27 SCCM. Further, when the flow rate of each of tetra+propoxytitanium gas and oxygen gas was 0 SCCM while the 
flow rate of tfetrwxyrtn^thylsflane gas was 100 SCCM, the refractive index was 1 .50. Based on these data, it has been 
found that a mocfified layer having a continuously and gradually changing refractive index can be obtained when the 
ratio of Mow rate of a specific organic compound gas is appropriately changed when necessary. 

In the step for forming the hard coat layer, the gas flow rate may be held constant such that the refractive index 
becomes substantia^ constant throughout the resulting fflm, while the film thickness may be controlled by the gas flow- 
ing time. For example; in succession to the step for forming the morjfied layer, the flow rate of oxygen gas is set to 0 
SCCM, the pressure of the vacuum chamber is set to 0.5 Pa, and the hard coat layer is formed for 20 minutes under 
the condition where the flow rate of tetra4-propoxytrtanium gas is 0 SCCM, the flow rate of diethoxydimethyteflane gas 
is 100 SCCM, the radio-frequency output is 2.5 kW, and the current of the electromagnet coil is 5 A. 

The results obtained are fisted in Tablet attached to the last part of the specification. 
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Substrate + Modified Layer ± Hard Coat Laver 
Example 1 

5 A plastic lens having a coat composed of a modified layer and a hard coat layer on a surface of its substrate was 
manufactured and evaluated. 

Substrate 

w As the substrate, a plastic lens made of a polymer of Methylene glycol bis(allyl carbonate) (CR-39, manufactured 
by Pittsburgh Plate Glass Corporation) was used. 

Apparatus 

0 

is A PECVD apparatus and a vacuum deposition apparatus, manufactured by Balzers Corporation, were used. Tne 
vacuum chamber of the PECVD apparatus and that of the vacuum deposition apparatus are connected to each other 
by way of a load-lock chamber. The load-lock chamber is a space through which a substrate is n^ 
chamber of the PECVD apparatus to that of the vacuum deposition apparatus under a condition where vacuum is main- 
tained 

20 The PECVD apparatus has an electromagnet col outside of tfie vacuum chamber. The electromagnet coil is dis- 
posed in a space between a pair of electrodes, which are placed within the vacuum chamber, so as to apply a magnetic 
field to a direction rn parallel to the electric field. In the space between the electrodes, a carousel type 
is Disposed so as to hold the main plane of the substrate in parallel to the direction of the electric field. 

The deposition apparatus is configured such that a vapor deposition source is heated by an electron beam. 

25 

Preparatory Step 

The substrate was cleaned as it passed through an ultrasonic cleaning equipment. Thus cleaned substrate was dis- 
posed at the substrate holder within the vacuum chamber of the PECVD apparatus, and then the vacuum chamber was 
30 exhausted to a pressure of 2.7 x lO^Pa. 

Formation of Modified Layer 

A metriyttrietrioxysflan container connected to the vacuum chamber was heated so as to vaporize 

35 methyftri^hoxysflane, whereby 

of 100 SCCM. At the time when the pressure in the vaajum chamber became 0.7 Pa, current of 5 A was caused to flow 
through the electromagnet cod outside of the vacuum chamber so as to provide a magnetic field between the elec- 
trodes, whte a radk>frequency output cf 2 kW was appfied to the cathode for 3 minu^^ 

erated between the electrodes. The magnetic field stabilized the low-pressure arc discharge. During this period, the 
40 flow rate of rr^riyttrietrioxysilane gas was 100 SCCM. Thereafter, the rado-frequency output of the cathode was grad- 
uaBy increased at a rate of 40 WAnin and controlled such that it reached 2.5 kW in 12 minutes. During this period of 12 
minutes, the flow rate of inethylmethoxysaane gas was made constant at 180 SCCM. 

In this period of 12 minutes, a modified layer having a continuously and gradually changing refractive index was 
formed. The thickness of the modified layer region was 200 nm. 

45 

Formation of Hard Coat Layer 

In succession to the step for forming the modified layer, while oxygen gas was caused to flow into the vacuum 
1 chamber with a ftow rate of 50 SCCM and the vacuum chamber pressure was changed to 0.5 Pa, the condition where 
so the flow rate of methyftriethaxysilane gas was 180 SCCM, the radio-frequency output was 2.5 kW, and the current at 
the electromagnet coil was 5 A was maintained for 20 minutes. Then, while the flow rate of oxygen gas was increased 
to 100 SCCM and the vacuum chamber pressure was increased to 0.8 Pa, the radio-frequency output of the cathode 
was changed to 3 kW, and the condition where the ftow rate of methyttriethoxysilane gas was 1 80 SCCM and the cur- 
rent at the electromagnet coil was 5 A was maintained for 40 minutes. Thus, the hard coat layer was formed. 
55 Thethktaess of the hard coat layer as a whole was controlled so as to be greater than 0.4 prn but smaller than 5 
jim, whfle greater than the thickness of the mocfified fcryer. The thickness of thus obtained hard coat layer was 1 .5 pm 
According to the foregoing steps, a coat made of the modified layer and hard coat layer was formed on each side 
of the substrate lena 

Mo interference fringes were observed in the lens having the coats thus obtained. Also, spectral characteristics 
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were found to be suitably usable for glasses and the like. 
Comparative Example 1 

On a substrate lens, a coat made of a hard coat layer having a refractive index which did not change in the direction 
perpendicular to the substrate, i.e., substantially a constant refractive index, was formed. Interference fringes were 
observed in the lens having the coat thus obtained. Further, its spectral characteristics were found to be inappropriate 
for glasses. 

Example 2 

A polyurethane type lens was cleaned as it passed through the ultrasonic cleaning equipment Then, it was dis- 
posed in the vacuum chamber of the PECVD apparatus manufactured by Balzers Corporation. After the vacuum cham- 
ber was exhausted to a pressure of 2.7 x 10^ Pa, methyttri ethaxysilane gas and tetrai-propoxytin gas were caused to 
flow therein wrth flow rates of 35 SCCM and 1 48 SCCM, respectively, till the pressure in the vacuum chanter became 
2.0 Pa. While current of 5 A was caused to flow through the external electromagnet coil, a radio-frequency output of 2 
kW was applied to the cathode for 1 .5 minutes. During this period, a modfied layer was formed while the flow rates of 
the methyttrietfxaxysilane gas and tetra4^cpoxytrtaniurn gas were gradually decreased and increased at rates of 23.3 
SCCM and 34.7 SCCM. respectively, per minute. When the refractive index of thus formed thin fflm was measured by 
a spectrophotometer.^ of 1.67 and r^ of 1.60 were side, respec- 

tively. 

Example 3 

A polyurethane type lens was cleaned as it passed through the ultrasonic cleaning equipment Then, it was dis- 
posed in the vacuum chamber of the PECVD apparatus manufactured by Balzers Corporation. After the vacuum cham- 
ber was exhausted to a pressure of 2.7 x 10* 4 Pa, tetra-fpropoxytin gas and oxygen gas were caused to flow therein 
with flow rates of 200 SCCM and 50 SCCM. respectively. When the pressure in the vacuum chamber became 2.0 Pa 
and the flow rates were stabilized, while current of 5 A was caused to flow through the external electromagnet coil, a 
radio-frequency output of 2 kW was applied to the cathode for 17 minutes, thereby forming a hard coat layer. Further, 
the flow rate of oxygen gas was increased to 100 SCCM. A variable orifice was opened so as to adjust conductance of 
the exhaust system such that the pressure in the vacuum chamber became 2.0 Pa. Then, the hard coat layer was con- 
tinuously formed tor 17 minutes, while the radio-frequency output of the cathode was increased to 3 kW. Finally, the 
hard coat layer was further formed for 1 7 minutes, while the ftow rate of oxygen gas wa^ 
the refractive iridex of trius formed thin film was measured by the spectrophotometer, r^ was 1.60. 

Example 4 

A polyurethane type lens was cleaned as it passed through the ultrasonic cleaning equipment Then, it was op- 
posed in the vacuum chamber of the PECVD apparatus manufactured by Balzers Corporation. After the vacuum cham- 
ber was exhausted to a pressure of 2.7 x IfJ 4 Pa, methyttri ethoxysilane gas and tetrai-propaxytin gas were caused to 
flow therein with flow rates of 35 SCCM and 148 SCCM. respectively, till the pressure in the vacuum chamber became 
2.0 Pa. While current of 5 A was caused to flow through the external electromagnet coil, a racfio-frequency output of 2 
kW was applied to the cathode for 1 .5 minutes. During this period of 1 .5 minutes, a modified layer was formed while the 
flow rates of the methyftriethoxysflane gas and tetra4propaxytrtanium gas were gradually increased and decreased at 
rates of 1 10 SCCM and 98.7 SCCM. respectively, per minute. 

Then. tetran-propoxytin gas and oxygen gas were caused to flow into the vacuum chamber with flow rates of 200 
SCCM and 50 SCCM, respectively. When the pressure in the vacuum chamber became 2.0 Pa and the flow rates were 
stabilized, whfle current of 5 A was caused to flow through the external electromagnet cofl, a racfio-frequency output of 
2.5 kW was applied to the cathode for 17 minutes, therby forming a hard coat layer. Further, the flow rate of oxyg en gas 
was increased to 100 SCCM. The variable orifice was opened so as to adjust conductance of the exhaust system such 
that the pressure in the vacuum chamber became 2.0 Then, trie hard coat layer was c^ 
utes, while the ratio-frequency output of the cathode was increased to 3 kW. Finally, the hard coat layer was further 
formed for 1 7 minutes, white the flow rate of oxygen gas was increased to 200 SCCM. 

Examples 

A polyurethane type lens was cleaned as it passed through the ultrasonic cleaning equipment Then, it was dis- 
posed in the vacuum chamber of the PECVD apparatus manufactured by Balzers Corporation. After the vacuum cham- 
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ber was exhausted to a pressure of 2.7 x 10" 4 Pa, methyltriethoxysilane gas and tetraelhoxyzirconium gas were caused 
to flow therein with flow rates of 40 SCCM and 135 SCCM, respectively, til) the pressure in the vacuum chamber 
became 2.0 Pa. While current of 5 A was caused to flow through the external electromagnet coil, a radio-frequency out- 
put of 2 kW was applied to the cathode for 1 .5 minutes. During this period of 1 .5 minutes, a modified layer was formed 
while the flow rates of the methyltriethoxysilane gas and tetraethoxyzirconium gas were gradually increased and 
decreased at rates of 1 15 SCCM and 50 SCCM, respectively, per minute. When the refractive index of thus formed thin 
fflm was measured by the spectrophotometer. r\, of 1.67 and n^ of 1.60 were attained on the lens interface side and 
medium (air) side, respectively. 

Example 6 

A poryurethane type lens was cleaned as it passed through the ultrasonic cleaning equipment Then, it was dis- 
posed in trie ^oiumc^iarnber of the PECVD apparatus manufactured by Balzers (^rporation. After the vacuum cham- 
ber was exhausted to a pressure of 2.7 x 10" 4 Pa, methyttriethoxysifane gas. tetraethoxyzirconium gas, and oxygen gas 
were caused to flow therein with flow rates of 213 SCCM, 60 SCCM, and 60 SCCM, respectively. When the pressure 
in the vacuum chamber became 2.0 Pa and stabilized, while current of 5 A was caused to flow through the external elec- 
tromagnet coil, a radio-frequency output of 2.5 kW was applied to the cathode for 1 7 minutes, therby forming a hard 
coat layer. Further, the flow rate of oxygen gas was increased to 110 SCCM, and the variable orffice was opened so as 
to adjust conductance of the exhaust system such that the pressure in the vacuum chamber became 2.0 Pa. Then, the 
hard coat layer was continuously formed ratio-frequency output of the cathode was increased 

to 3 kW. Finally, the hard coat layer was further formed for 17 minutes, while the flow rate of oxygen gas was increased 
to 1 70 SCCM. When the refractive index of thus formed thin film was measured by the spectrophotometer, r^ was 1 .60. 

Example 7 

A poryurethane type lens was cleaned as it passed through the ultrasonic cleaning equipment Then, it was dis- 
posed in the vacuum chamber c# the PECVD apparatus manufactured by Balzers Corporation. After the vacuum cham- 
ber was exhausted to a pressure of 2.7 x 1 0" 4 Pa, methyltriethoxysilane gas and tetraethoxyzirconium gas were caused 
to flow therein with ffow rates of 40 SCCM and 135 SCCM. respectively, tin the pressure in the vacuum chamber 
became 2.0 Pa. While current of 5 A was caused to ffow through the external electromagnet coil, a radio-frequency out- 
put of 2 kW was applied to the cathode for 1.5 minutes. During this period of 1.5 minutes, a modified layer was formed 
while the flow rates of the methyltriethoxysilane gas and tetraethoxyzirconium gas were gradually increased and 
decreased at rates of 1 15 SCCM and 50 SCCM, respectively, per minute. 

Methyttriethoxysifane gas, tetraethoxyzirconium gas, and oxygen gas were caused to f tow into the vacuum cham- 
ber with flew rates of 213 SCCM, 60 SCCM, and 60 SCCM. respectively. When the pressure in the vacuum chamber 
became 2.0 Pa and stabilized, while current of 5 A was caused to ffow through the external electromagnet coil, a radio- 
frequency output of 2.5 kW was applied to the cathode for 1 7 minutes, therby forming a hard coat layer. Further, the ffow 
rate of oxygen gas was increased to 110 SCCM, and the variable orifice was opened so as to adjust conductance of 
the exhaust system such that the pressure in the vacuum chamber became 2.0 Pa. Then, the hard coat layer was con- 
tinuously formed for 17 minutes, whSe the radio-frequency output of the cathode was increased to 3 kW. HnaOy. the 
hard coat layer was further formed for 1 7 minutes, while the flow rate of oxygen gas was increased to 170 SCCM. 

Example 8 

A poryurethane type lens was cleaned as it passed through the ultrasonic cleaning equipment Then, it was dis- 
rjosed in the vaajumcharrtx^ After the vacuum cham- 

ber was exhausted to a pressure of 2.7 x IfJ 4 Pa, methyttriethcocysUane gas and rjerrta-i-rxopoxytantalum gas were 
caused to flow therein wift flow rates of 50 S(^ 

became 2.0 Pa While current of 5 A was caused to flow through the external electromagnet cod , a radio-frequency out- 
put of 2 kW was appfied to the cathode for 1.5 minutes. During this period of 1.5 minutes, a refractive index modified 
layer was formed while the flow rates of the methyltriethoxysilane gas and pente-i-propoxytantalum gas were c/adually 
increased and decreased at rates of 1 20 SCCM and 60 SCCM, respectively, per minute. When the refractive index of 
thus forrr^toin film was measured by th^ 
face side and medium (air) side, respectively. 

Example 9 

A poryurethane type tens was cleaned as it passed through the ultrasonic cleaning equipment Then, ft was dis- 
posed in the vacuum chamber of the PECVD apparatus manufactured by Balzers Corporation. After the vacuum cham - 
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ber was exhausted to a pressure of 2.7 x 1 0 4 Pa, memyrtriethaxysilane gas, pente-i-propoxytantahim gas, and oxygen 
gas were caused to flow therein with flow rates of 230 SCCM, 35 SCCM, and 70 SCCM, respectively. When the pres- 
sure in the vacuum chamber became 2.0 Pa and stabilized, while current of 5 A was caused to flow through the external 
electromagnet coil, a radio-frequency output of 2.5 kW was applied to the cathode for 17 minutes, thereby forming a 
hard coat layer. Further, the flow rate of oxygen gas was increased to 100 SCCM, and the variable orifice was opened 
so as to adjust conductance of the exhaust system such that the pressure in the vacuum chamber became 2.0 Pa. 
Then, the hard coat layer was continuously formed for 1 7 minutes, while the radio-frequency output of the cathode was 
increased to 3 kW. Finally, the hard coat layer was further formed for 1 7 minutes, while the flow rate of oxygen gas was 
increased to 150 SCCM. When the refractive index of thus formed thin film was measured by the spectrophotometer, 
0a was 1.60. 

Example 10 

A poryurethane type lens was cleaned as it passed through the ultrasonic cleaning equipment Then, it was de- 
posed in the vacuum dian^ of the PEC^ apparatus manufactured by Balzers Corporation. After the vacuum cham- 
ber was exhausted to a pressure of 2.7 x 10^ Pa, methyftriethoxysilane gas and pentai-propoxytantaJum gas were 
caused to flow therein with flow rates of 50 SCCM and 1 25 SCCM, respectively, till the pressure in the vacuum chamber 
became 2.0 Pa While current of 5 A was caused to flow through the external electromagnet coil, a racfe>frequency out- 
put of 2 kW was applied to the cathode for 1.5 rrinutes. During this period of 1.5 minutes, a refractive index modified 
layer was formed while the ftow rates of the m^^ 

increased and decreased at rates of 120 SCCM and 60 SCCM, respectively, per minuta 

Then, rnethyttriethoxysilane gas, penta4propooqrtartia!um gas, and oxygen gas were caused to flow into the vac- 
uum chamber with flew rates (rf 230 SC^ respectively. When the pressure in the vacuum 
chamber became 2.0 Pa and stabilized, while current of 5 A was caused to flow through the external electromagnet coil, 
a ratio-frequency output of £5KW was applied to the cathode for 17 minutes, thereby forming a hard coat layer. Fur- 
ther, the flew rate of oxygen gas was 

ductance of the exhaust system such that the pressure in the vacuum chamber became 2.0 Pa. Then, the hard coat 
layer was continuously formed for 17 minutes, while the radio-frequency output of the cathode was increased to 3 KW. 
Finally, the hard coat layer was further formed for 1 7 minutes, while the flow rate of oxygen gas was increased to 1 50 
SCCM. 

Comparative Example 2 

A CR-39 lens was cleaned as it passed thorough the ultrasonic cleaning equipment Then, it was dipped into and 
coated with a hard coat corrpo6ition so 

oxysaanearri 106.8 parts erf r^ycosic^^ 185 parts of methanol, 11.1 parts of acetylace- 

toncand 2.5 parts of a silicone type surfactant had been admixed together wife 6.0 parts of aluminum acetylacetonate 
further added thereto Thereafter, it was subjected to preparatory heat-curing at 80°C for 10 minutes and then finally 
heat-cured at 100°C for 4 hours, thereby yielding a plastic lens with a hard coat (r^ of 1.48). 

Comparative Example 3 

An acrytonrtrile-styrene copolymer lens was cleaned as it passed thorough the ultrasonic cleaning equipment. 
Then, ft was cfipped into and coated with a hard coat composition solution in which a co-hydrolysis product of 35.3 parts 
of rslycosictoprcjwltf ^ and 1 06.8 parts of r^ycosidcixcpylmethy^ 1 85 parts of methanol, 

11.1 parts c* acetylacetone, and Z5 parts of a silicone type surfactant had been admixed together with 6.0 parts of alu- 
minum acetytecetonate further added thereto. Thereafter, rt was subjected to preparatory heat-curing at 80°C for 10 
minutes and then finally heat-cured at 100°C for 4 hours, thereby yielding a plastic lens with a hard coat (r^ of 1 .48). 

Comparative Example 4 

An poryurethane type lens was cleaned as it passed thorough the ultrasonic cleaning equipment Then, it was 
cfipped into and coated wim a harden 

dopropyftrirnethoxysfla^ 185 parts of methanol. 11.1 parts 

of acetylacetone, and 2.5 parts of a silicone type surfactant had been admixed together with 6.0 parts of aluminum 
acetylacetonate further added thereto. Thereafter, it was subjected to preparatory heat-curing at 80°C for 10 minutes 
and then finally heat-cured at 1 00°C for 4 hours, thereby yielding a plastic lens with a hard coat (r\j of 1.48). 
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Comparative Example 5 

While 248 parts of y^cosidopropylmethykfiethoxysi were stirred. 36 parts of 0.05-N aqueous hydrochloric 
acid solution were added thereto, thereby yiekfing a hydrolysis product To this product 56.6 parts of ethanol and 53.4 
parts of ethylene glycol were added and then 4.7 parts of aluminum acetonate were further added, thereby yielding pre- 
paratory composition A. 

While 212.4 parts of rgtycosio^xoropyttrirr^ were stirred, 48.6 parts of 0.01 -N aqueous hydrochloric 

add solution were added thereto, thereby yiekfing a hydrolysis product To this product 77.1 parts of ethanol and 37.7 
parts of ethylene glycol were added and then 7.65 parts of aluminum acetonate were added, thereby yielding prepara- 
tory composition B. 

To an aqueous tungstic acid solution, which was manufactured as an aqueous sodium tungstate solution had been 
ion-exchanged, an aqueous sodium stannate solution was added while being stirred, thereby yielding an aqueous sol 
of a complex with a weight ratio of WCVSrK^. 

Then, 1 00 parts of commercially-available aqueous sol of tin oxide, calculated as Sn0 2 , were prepared, and 25 to 
60 parts of the above-mentioned conplex sol, calculated on the basis of weight of WO3 and SnOg, were added thereto 
while being stirred at room temperature, thereby yiekfing a modified sol with a specific gravity of 1 .03. Thereafter, it was 
changed into a higrH»ncerrtratK^ 

To 40 parts of preparatory composition A, 60 parts of preparatory composition B, and 50 parts of the hic^-concen- 
tration mocfifted sol, 0.4 part of a silicone surfactant was added. As they were mixed together, a hard coat composition 
with a refractive index (r\J of 1.63 was obtained. 

After a potyurethane type lens was cleaned as it passed through the ultrasonic cleaning equipment, it was dipped 
in and coated with the abcve-mentioned hard coat composition. Thereafter, it was heat-cured at 100°C for 2 hours. 

(Evaluation) 

With respect to the samples of plastic lenses for glasses obtained by the foregoing examples and comparative 
examples, mechanical durability was evaluated in terms of the following items: 

1) Acftesion 

According to JIS D-202, incisions are formed longitudinally and laterally on the surface of each sample with inter- 
vals of 1 mm. A cellophane tape (manufactured by Nichiban Co., Ltd.; product name: SeJIotape) is attached onto these 
incisions and then removed with a force of 4 kgf to study whether the film is peeled off or not 

2) Resistance to Scratching 

(a) A steel wool with a roughness of #0000 is pressed against the sample with a bad of 600 gf and reciprocated 30 
times in 15 seconds. Then it is stufied whether there is a damage on the sample surface or not 

(b) A sand eraser (manufactured by Lion Office Products Corporation, product name: Sand Eraser ER-520) is 
pressed against the sample with a load of 500 gf and reciprocated 30 times in 15 seconds. Then it is studied 
whether there rs a damage on the sample surface or not. 

3) Resistance to Hot Water 

After the sample has been dipped in city water in a thermostat at 80X for 10 rranutes, rt 
a change in thefflm on the sample surface or not 

4) Resistance to Heat 

After the sample has been left in the atmosphere of 1 00°C in an air oven for 5 minutes, it is studied whether there 
is a change in the fim on the sample surface or not 

5) Resistance to Alkali 

After the sample has been dipped in an aqueous sodium hydroxide solution (pH 11) for 6 hours, it is studied 
whether there is a change in thefflm on the sample surface or not. 
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6) Resistance to Acid 

After the sample has been dipped in an aqueous nitric acid solution (pH 1) for 6 hours, it is studied whether there 
is a change in the film on the sample surface or not 

Results of evaluation are shown in Table 2 attached to the last part of the specification. 

As further examples, films were formed in a manner similar to Examples 2. 3, and 4, while pentaethoxytantalum, 
tetran-propoxyzirconium, tri4-propoxyaluminum, and tetra-i-propoxyhafnium were respectively used in place of tetra-i- 
prcpoxytin in Examples 2, 3, and 4. When these samples were evaluated in terms of the above-mentioned evaluation 
items, results similar to Examples 2, 3, and 4 were obtained. 

Substrate + Modified Laver + Anti-reflection Him 

Example 11 

A plastic lens having a coat composed of a modified layer, first second, and third hard coat layers, and a multilayer 
anti-reflection fim on a surface of its substrate was manufactured. 

Substrate 

As the substrate, a plastic lens made of a polymer of diethylene glycol bis(allyl carbonate) (CR-39, manufactured 
by Pittsburgh Plate Glass Corporation) was used. 

Apparatus 

A PECVD apparatus and a vacuum deposition apparatus, manufactured by Balzers Corporation, were used. The 
vacuum chamber of the PECVD apparatus and that of the vacuum vapor deposition apparatus are connected to each 
other by way of a load-lock chamber. The load-lock chamber is a space through which a substrate is moved from the 
vacuum chamber of the PECVD apparatus to that of the vacuum vapor deposition apparatus under a condition where 
vacuum is maintained. 

The PECVD apparatus has an electromagnet cofl outside of the vacuum chamber. The electromagnet coil is dis- 
posed in a space between a pair of elec^^ which are placed within the vacuum chamber, so as to apply a magnetic 
field to a direction in parallel to the electric field In the space between the electrodes, a carousel type substrate holder 
is disposed so as to hold the main plane of the substrate in parallel to the direction of the electric field. 

The vapor deposition apparatus is configured such that a vapor deposition source is heated by an electron beam. 

Preparatory Step 

The substrate was cleaned as it passed through an ultrasonic cleaning equipment. Thus cleaned substrate was op- 
posed at the substrate holder within the vacuum chamber of the PECVD apparatus, and then the vacuum chamber was 
exhausted to a pressure of 2.7 x 10" 4 P&. 

Formation of Modffied Layer 

A methytUietTKRysilane-oorttaining container connected to the vacuum chamber was heated so as to vaporize 
methyttriethoxysilane, whereby methyttriethoxysilar^ 

of 100 SCCM. At the time when the pressure in the vacuum chamber became 0.7 Pa, current of 5 A was caused to flow 
through the electromagnet cofl outside of the vacuum chamber so as to provide a magnetic field between the elec- 
trodes, while a radio-frequency output of 2 kW was applied to the cathode for 3 minutes. As a result, plasma was gen- 
erated between the electrodes. The magnetic field stabilized the low-pressure arc discharge. During this period, the 
flow rate of methyttriethoxysilane gas was 100 SCCM. Thereafter, the radio-frequency output of the cathode was grad- 
ually increased at a rate of 40 WTrnin and controlled such that it reached 2.5 kW in 1 2 minutes. During this period of 1 2 
minutes, the flow rate of rnethyttriethoxysOane gas was made constant at 1 80 SCCM. 

In this period of 12 minutes, a modified layer having a continuously and gradually changing refractive index was 
formed. The thickness of the modified layer region was 200 run 

Formation of Hard Coat Layer 

In succession to the step for forming the modified layer, while oxygen gas was caused to flow into the vacuum 
chamber with a flow rate of 50 SCCM and the vacuum chamber pressure was changed to 0.5 Pa, under a condition 
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where the flow rate of methyttriethaxysilane gas was 180 SCCM, the radio-frequency output was 2.5 kW, and the cur- 
rent at trie electromagnet coil was 5 A, the first hard coat layer was formed for 20 minutes. 

Then, while the flow rate of oxygen gas was increased to 1 00 SCCM and the vacuum chamber pressure was raised 
to 0.8 Pa, the radio-frequency output of the cathode was changed to 3 kW, and under the condition where the flow rate 
of methyttriethoxysjlane gas was 1 80 SCCM and the current at the electromagnet coil was 5 A, the second hard coat 
layer was further formed for 20 minutes. 

Finally, while the how rate of oxygen gas was increased to 200 SCCM and conductance of the exhaust system was 
adjusted by a variable orifice so as to maintain the vacuum chamber pressure at 1 .0 Pa as it was, under the condition 
where the flow rate of methyttriethoxysilane gas was 1 80 SCCM, the current at the electromagnet coil was 5 A, and the 
radio-frequency pressure of the cathode was 3 kW, the third hard coat layer was further formed. 

The thickness of the hard coat layer as a whole was controlled so as to be greater than 0.4 jim but smaller than 5 
Jim, while greater than the thickness of the modified layer. The thickness of thus obtained hard coat layer was 1 .5 \im. 

Formation of Anti-reflection Rim 

Subsequently to the foregoing step, the substrate lens having the coat formed thereon was moved to the load-lock 
chamber together with the substrate holder. Then, after the orientation of the substrate lens was changed such that one 
surface thereof was directed toward the vapor deposition source of the vacuum deposition apparatus, rt was sent to the 
vapor deposition chamber. 

After the vacuum chamber of the vapor opposition apparatus was exhausted Pa, an anti- 

reflection film (xxnposed of the following four layers was formed on the third hard coat layer of the substrate lens surface 
cirected toward the vapor deposition source accoro5ng to an electron beam evaporation technique under the following 
vapor deposition conditions. As the vapor deposition source, TO* (0<x<2) was used for the first and third layers, 
whereas SiO* was used for the second and fourth layers. Vacuum vapor deposition conditions (A: angstrom) 

First layer 

Titanium dioxide 1 14 A (geometric thickness) 0.049 X (optical thickness) 

Pressure at deposition 4.2 x 10" 3 Pa (Cfe atmosphere) 

Second layer 

Silicon dioxide 380 A (geometric thickness) 0.1605 X (optical thickness) 

Pressure at deposition 1 x 10" 3 Pa 

Third layer 

Titanium dioxide 1,167 A (geometric thickness) 0.5 X (optical thickness) 

Pressure at deposition 5 x 10" 3 Pa (O^ atmosphere) 

Fourth layer 

Silicon cfoode 871 A (geometric thickness) 0.244 X (optical thickness) 

Pressure at deposition IxtO^Pa 

The above-mentioned optical thickness is defined by a p 
thickness thereof. The center wavelength X = 525 rtm, the refractive index of titanium dioxide in the first and third layers 
was 2.25, and the refractive index of silicon dioxide in the second and fourth layers was 1 .47. 

Thereafter, by a substrate surface reversing mechanism accompanying the lens substrate holder, the other surface 
was cfirected toward the vapor deposition source, and an anti-reflection film was formed thereon under the vapor dep- 
osition conditions similar to those mentioned above. 

Example 12 

As the substrate, a tens made of a pdyurethane type polymer was used. The PECVD apparatus identical to that of 
Example 1 1 was used. Also, the preparatory step and the thickness values of the modified layer and first, second, and 
third hard coat layers were made identical to those of Example 1 1 . 
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Formation of Modif ied Layer 



Trie methyftriethoxysilane-containir^ container connected to the vacuum chamber was heated so as to vaporize 
methyltrielhoxysilane. whereby meihyrtriethoxysilane gas was caused to flow into the vacuum chamber with a flow rate 
of 35 SCCM. Simultaneously, a dimethoocydimeth^ container connected to the vacuum chamber was 

heated so as to vaporize dimetriaxydirrtethyta whereby dimethoxydimethylsilane gas was caused to flow into the 
vacuum chamber with a flow rate of 148 SCCM. At the time when the pressure in the vacuum chamber became 0.5 Pa. 
while the flow rates of gases were maintained, current of 5 A was caused to flow through the electromagnet coil outside 
of the vacuum chamber so as to provide a magnetic field between the electrodes. Then, while the flow rate of methyt- 
triethoxysilane gas was gradually increased with a rate of 1 1 0 SCCM per minute and the flow rate of dimethoxydimeth- 
ylsilane gas was gradually decreased at a rate of 98.7 SCCM per minute, a radio-frequency output of 2 kW was applied 
to the cathode fa 1 .5 minutes, during which a modified layer was formed. 



Formation of Hard Coat Layer 



The first, second, and third hard coat layers were formed subsequently to the step for forming the modified layer. 
Methyttriettaxyalarte 

and 50 SCCM, respectively. When the pressure in the vacuum chamber became 1.0 Pa and the flow rates were stabi- 
lized, while current of 5 A was caused to flow through the external electromagnet coil, a radio-frequency output of 2.5 
kW was applied to the cathode for 1 7 minutes so as to form the first hard coat layer. 

"men, the flow rate of oxygen gas was increased to 100 SCCM, conductance of the exhaust system was adjusted 
by the variable orifice such that the pressure in the vacuum chamber pressure became 2.0 Pa, the radio-frequency out- 
put of the cathode was changed to 3 kW, and under the concftion where the flow rate of meihyttriethoxysilane gas was 
200 SCCM and the current at the etectromao/iet coil was 5 A, the second hard coat layer was subsequently formed for 
17 minutes. 

Finally, while the flew rate of oxygen gas was increased to 200 SCCM, under the condition where the pressure in 
the vacuum chamber was 2.0 Pa, the radio-frequency output of the cathode was 3 kW, the flow rate of methyltrielhox- 
ysilane gas was 200 SCCM, and the current at the electromagnet coil was 5 A. the third hard coat layer was formed for 
17 minutes. 



Formation of Anti-reflection Film 



Subsequently to the foregoing step, the substrate lens having the coat formed thereon was moved to the load-lock 
chamber together with the substrate hoMer. Then, after the orientation of the substrate lens was changed such that one 
surface thereof was directed toward the vapor deposition source of the vacuum deposition apparatus, it was sent to the 
vapor deposition chamber. 

After the vacuum chamber of the vapor deposrtion apparatus was exhausted to a pressure of 1.3x1 0^ Pa, an ar^ 
reflection film composed of the following four layers was formed on the third hard coat layer of the substrate lens surface 
directed toward the vapor opposition source according to an electron beam evaporation technique under the following 
vapor deposition conditions. As the vapor deposition source, T10 x (0<x<2) was used for the first and third layers, 
whereas SiQ? was used for the second and fourth layers. Vacuum vapor deposition conditions (A: angstrom) 

First layer 



Titanium dioxide 130 A (geometric thickness) 0.055 X (optical thickness) 

Pressure at deposition 4 x 10" 3 Pa (O? atmosphere) 

Second layer 

Silicon dioxide 333 A (geometric thickness) 0.091 5 X (optical thickness) 

Pressure at deposition IxlO^Pa 

Third layer 

Titanium dioxide 1,189 A (geometric thickness) 0.5 X (optical thickness) 

Pressure at deposition 5x10^ Pa ((^atmosphere) 



14 



EP 0 762 151 A2 



Fourth layer 

Silicon dioxide 880 A (geometric thickness) 0.242 X (optical thickness) 

Pressure at deposition 1 x 10^ Pa 

5 

The above-mentioned optical thickness is defined by a product of the refractive index of the layer and the geometric 
thickness thereof. The center wavelength X = 525 nm, the refractive index of titanium dioxide in the first and third layers 
was 225, and the refractive index of silicon dioxide in the second and fourth layers was 1 .47. 

Thereafter, by the substrate surface reversing mechanism accompanying the lens substrate holder, the other sur- 
10 face was directed toward the vapor deposition source, and an anti-reflection film was formed thereon under the vapor 
deposition conditions similar to those mentioned above. 

As a result of the foregoing steps, a plastic lens having the modified layer, the first, second, and third hard coat lay- 
ers, and the multilayer anti-reflection film on each side of the substrate lens was manufactured. 

is Example 13 

On a surface of a poryurethane type lens substrate, a coat success/very comprising a modified layer, first second, 
and third hard coat layers, and a multilayer anti-reflection film were formed. 

The thickness values of the morjfied layer and the first, second, and third hard coat layers were made identical to 
20 thoseof Example 11. 

The preparatory step and the other basic operations were similar to those of Example 11. Operations different 
therefrom are as follows: 

Formation of Modified Layer 

25 

Dimethyldiethoxysflan^ 

rates of 1 1 SCCM and 9 SCCM. respectively. When the pressure in the vacuum chamber became 2.9 Pa. while current 
of 2.6 A was caused to flow through the electromagnet coil outside of the vacuum chamber so as to provide a magnetic 
field between the electrodes, a radio-frequency pressure of 0.6 kW was applied to the cathode for 45 seconds. During 
30 this period of 45 seconds, the flow rate of tetra4-propox gas was gradually decreased at a rate of 9 SCCM per 

minute, while the flow rate of dinfiethyWietfioxysilane gas was gradually increased at a rate of 119 SCCM per minute. 
During this period of 45 seconds, a modified layer was formed. 

Formation of Hard Coat Layer 

35 

Subsequently. (finriethykJ ethoxysflane gas and oxygen gas were caused to flow into the vacuum chamber at flow 
rates of 100 SCCM and 35 SCCM, respectively. When the pressure in the vacuum chamber became 2.9 Pa and the 
flew rates were stabflfred, wh3e current of 2.6 A was caused to flow through the external electromagnet coil, a rarJo- 
frequency output of 0.8 kW was appfied to the cathode for 25 minutes so as to form the first hard coat layer. 
40 Thea theftow iBteof oxyg^ gas was ir^reased to 70 SCCM, conductance of the exhaust system was adjusted by 
the variable orifice such that the pressure in the vacuum chamber pressure became 2.9 Pa. the radio-frequency output 
of the cathode was increased to 1 kW, and under the condition where the flow rate of dimethytdiethoxysilane gas was 
100 SCCM and the current at the electromagnet coil was 2.6 A, the second hard coat layer was subsequently formed 
for 25 minutes. 

45 Rnafly, whBe the flow rate of oxygen gas was increased to 140 SCCM, the other condrtions were held as they were 
so as to form the third hard coat layer for 25 minutes. 

Formation of Anti-reflection FBm 

so vacuum vapor deposition conditions (A: angstrom) 

First layer 

Trtanium dioxide 130 A (geometric thickness) 0.055 X (optical thickness) 

55 Pressure at deposition 4 x 10" 3 Pa (O? atmosphere) 

Second layer 

Sificon dioxide 333 A (geometric thickness) 0.0915 X (optical thickness) 
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Pressure at deposition 1 x 10" 3 Pa 



Third layer 

Titanium dioxide 
Pressure at deposition 

Fourth layer 

Silicon cficsride 
Pressure at deposition 



1 .189 A (geometric thickness) 0.5 X (optical thickness) 
5 x 1<T 3 Pa (Cfe atmosphere) 



880 A (geometric thickness) 0.242 X (optical thickness) 
1 x 10 -3 Pa 



The above-mentioned optical thickness is defined by a prodijct 
thickness thereof. The center wavelength X = 525 nm, the refractive index of titanium dioxide in the first and third layers 
was 2-25, and the refractive index of silicon dioxide in the second and fourth layers was 1 .47. 

Additionally, in the same condition as Example 13, the hard coat layer was activated by the ion irradiation of the gas 
containing oxygen. For about 500 seconds before the completion of the second step for forming the hard coat layer, 
deinethykfiethGKysilane gas was decreased at the rate of 1 1 SCCM/min. After completing the second step, argon gas 
was HTtroduced to the system at the flow rate of 28 SCCM and the highfrepuency output of 1 .2 KW is applied to the cath- 
ode Then the third step for forming anti-reflection fftm was performed after activating the surface of the hard coat layer. 

The results were the same as those of Example 13. 

Example 14 

As the substrate; a plastic lens made of a polymer of diethyl ene glycol bis(allyl carbonate) (CR-39. manufactured 
by Pittsburgh Plate Glass Corporation) was used. The preparatory step and the conditions and operations in the steps 
for forming modffied layer and hard coat layer were identical to those of Example 1 1 . 

The basic operation in the step for forming the anti-reflection conformed to Example 1 1 but were different therefrom 
in the following points: 

After the vacuum chamber of the vapor deposition apparatus was exhausted to a pressure of 1 .3 x 1 0" 3 Pa, an anti- 
reflection film composed of the following four layers was formed on the third hard coat layer of the substrate lens surface 
directed toward the vapor deposition source according to an electron beam evaporation technique under the foOowing 
vapor deposition conditions. As the vapor deposition source, a sintered body of a mixture of ZrOg (94%) and SC2O3 
(6%) was used for the first layer, SE^ was used for the second and fourth layers, and TrO x (0<x<2) was used for the 
third layer. The substrate temperature was at ordinary temperature. 

Vacuum vapor deposition conditions (A: angstrom) 

First layer 

Amorphous state of a mixture of zirconinum dioxide (94%) and discandium trioxide (6%) 
213 A (geometric thickness) 
0.008 X (optical thickness) 

Pressure at deposition 4 x 10^ Pa (O^ atmosphere) 

Second layer 

Silicon cfioxide 289 A (geometric thickness) 0.081 X (optical thickness) 

Pressure at deposition 1 x 10 3 Pa 

Third layer 

Titanium dioxide 1 ,177 A (geometric thickness) 0.50 X (optical thickness) 

Pressure at deposition 5 x 10" 3 Pa (Ofc atmosphere) 



Fourth layer 
Silicon dioxide 



868 A (geometric thickness) 0.243 X (optical thickness) 
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Pressure at deposition 1 x 10" 3 Pa 



The above-rnerrtioned optical thickness is defined by a rxoo^ 
thickness thereof. The center wavelength X = 525 nm, the refractive index of the mixture of zirconinum dioxide (94%) 
and dfecandium trioxide (6%) in the first layer was 1.97, the refractive index of silicon dioxide in the second and fourth 
layers was 1 .47, and the refractive index of titanium dioxide in the third layer was 2.23. 



Comparative Example 6 



A plastic lens having, on a surface of a substrate plastic lens, a coat comprising a modified layer, first second, and 
third hard coat layers, and a multilayer anti-reflection film was formed. The material and configuration of the anti-reflec- 
tion fOm were made different from those of Example 11. 

Namely, after the third hard coat layer was formed, as in the case of Example 1 1 , the substrate was moved to the 
vacuum deposition apparatus, which was then exhausted to a pressure of 1 .3 x 1 0" 3 Pa. Thereafter, the individual layers 
oftheanti-reHectionfta conditions. As the vapor deposition source, 

(0<x<3) was used for the first layer, TiO, (0<x<2) was used for the second layer, and SiCfe was used for th e thi rd 

layer. 



vacuum vapor deposition conditions (A: angstrom) 



First layer 

Diyttrium trioxide 465 A (geometric thickness) 0.210 X (optical thickness) 

Pressure at deposition 4 x 10 3 Pa (O2 atmosphere) 



Second layer 



Titanium dioxide 91 1 A (geometric thickness) 0.50 X (optical thickness) 

Pressure at deposition 5 x 10" 3 Pa 

Third layer 

Silicon cfioxide 795 A (geometric thickness) 0.285 X (optical thickness) 

Pressure at deposition 1 x 10" 3 Pa 

The abcve-merifoned optical thickness is defined by a product of the refractive index of the layer and the geometric 
trtickness thereof The cerrt^ index of diyttrium trioxide in the first layer was 1.85, 

the refractive index of titanium dioxide in the second layer was 2.25, and the refractive index of sificon dioxide in the third 
layer was 1.47. 

Thereafter, by the substrate surface reversing mechanism accompanying the lens substrate holder, the other sur- 
face was directed toward the vapor deposition source, and an anti-reflection film was formed thereon under the vapor 
deposition conditions similar to those mentioned above. 

Asa result of these steps, a plastic lens in accordance with a comparative example having the modified layer, the 
first, second, and third hard coat layers, and the three-layer anti-reflection film on each side of the substrate lens was 
manufactured. 



Comparative Example 7 



A plastic lens having, on a surface of a substrate plastic lens, a coat comprising a modified layer, first second, and 
third hard coat layers, and a multflayer anti-reflection fUm was formed. 

In the plastic lens provided with the coat, while the material of the substrate, the thickness values of the modified 
layer and first second, and third layers, and the method of maki ng the modified layer and first, second, and third layers 
were identical to those of Example 1 2. the material and configuration of the ant-reflection film were made Different from 
those of Example 12. Namely, after the third hard coat layer was formed, as in the case of Example 1 1 , the substrate 
was mcivedtothevaaajm vapor d exhausted to a pressure of 1 .3 x 1 0" 3 Pa There- 

after, the individual layers of the anti-reflection fftm were formed by an electron beam evaporation technique under the 
following vapor deposition conditions. As the vapor deposition source, Y 2 O x (0<x<3) was used for the first layer, TiO x 
(0<x<2) was used far the second layer, and SiO? was used for the third layer. 
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Vacuum vapor deposition conditions (A: angstrom) 



First layer 

Di yttrium tricoride 
Pressure at deposition 

Second layer 



465 A (geometric thickness) 0.210 X (optical thickness) 
4 x 10" 3 Pa {O2 atmosphere) 



Titanium dioxide 91 1 A (geometric thickness) 0.50 A. (optical thickness) 

Pressure at deposition 5 x 10" 3 Pa 



Third layer 

Silicon dioxide 
Pressure at deposition 



795 A (geometric thickness) 0.285 X (optical thickness) 
1 x 10^ Pa 



The above-mentioned optical thickness is defined by a product of the refractive index of the layer and the geometric 
thickness thereof. The center wavelength X = 410 rtm, the refractive index of diyttrium triaxide in the first layer was 1.85, 
the refractive index of titanium dioxide in the second layer was 2.25, and the refractive index of silicon dioxide in the third 
layer was 1.47. 

Thereafter, by the substrate surface reversing mechanism accompanying the lens substrate holder, the other sur- 
face was directed toward the vapor deposition source, and an anti-reflection film was formed thereon again under the 
vapor deposition conditions similar to those mentioned above. 

As a result of these steps, a plastic lens in accordance with a comparative example having the modified layer, the 
first, second, and third hard coat layers, and the three-layer anti-reflection film on each side of the substrate lens can 
be manufactured. 

Comparative Example 8 

A plastic lens having, on a surface of a substrate plastic lens, a coat comprising a modified layer, first second, and 
third hard coat layers, and a multilayer anti-reflection film was formed. 

In the plastic lens provided with the coat, while the material of the substrate, the method of making the modified 
layer and first, second, and third layers, and the thickness values of the modified layer and first, second, and third layers 
were identical to those of Example 14, the material and configuration of the anti-reflection ffim were made different from 
those of Example 14. 

Namely, after the third hard coat layer was formed, as in the case of Example 14, the substrate was moved to the 
vacuum deposition apparatus, which was then exhausted to a pressure of 1.3 x 10 3 Pa. Thereafter, the individual layers 
of the anti-reflection fflm were formed by an electron beam evaporation technique under the following vapor deposition 
conditions- As the vapor deposition source, Y 2 O x (0<x<3) was used for the first layer, TK) X (0<x<2) was used for the 
second layer, and S1O2 was used for the third layer. 

Vacuum vapor deposition conditions (A: angstrom) 

First layer 

Diyttrium trioodde 465 A (geometric thickness) 021 0 X (optical thickness) 

Pressure at deposition 4 x 10~ 3 Pa (O^ atmosphere) 

Second layer 

Titanium dioxide 91 1 A (geometric thickness) 0.50 X (optical thickness) 

Pressure at deposition 5 x 10" 3 Pa 

Third layer 

Silicon dioxide 795 A (geometric thickness) 0285 X (optical thickness) 

Pressure at deposition 1 x 10" 3 Pa 



18 



EP0 762151 A2 



The above-mentioned optical thickness is defined by a product of the refractive index of the layer and the geometric 
thickness thereof. The center wavelength X = 410 nm, the refractive index of diyttrium trioxide in the first layer was 1 .85, 
the refractive index of titanium dioxide in the second layer was 2.25, and the refractive index of silicon dioxide in the third 
layer was 1.47. 

Thereafter, by the substrate surface reversing mechanism accompanying the lens substrate holder, the other sur- 
face was directed toward the vapor deposition source, and an anti-reflection film was formed thereon again under the 
vapor deposition conditions similar to those mentioned above. 

As a result of these steps, a plastic lens in accordance with a comparative example having the modified layer, the 
first second, and third hard coat layers, and the three-layer anti-reflection film on each side of the substrate lens can 
be manufactured. 

(Evaluation) 

Mechanical durability of each sample of plastic lenses for glasses obtained by Examples 1 1 to 14 and Comparative 
Examples 6 to 8 was evaluated. Evaluation items were: 1) adhesion, 2) resistance to scratching. 3) resistance to hot 
water, 4) resistance to heat, 5) resistance to alkali, and 6) resistance to acid as mentioned above. 

Results of evaluation are shown in TabJe 3 attached to the last part of the specification. 

Example 15 

A plastic lens having, on a surface of a substrate plastic lens, a coat comprising a modified layer, first second, and 
third hard coat layers, and a multilayer anti-refiection film was formed. 

Substrate 

The substrate was identical to that of Example 11. 
Apparatus 

The apparatus identical to that of Example 11 was used. 
Preparatory Step 

The corxftion and operation of the preparatory step were identical to those of Example 11. 
Formation of Modified Layer 

The condition and operation of the step for fanning the modify 
Formation of Hard Coat Layer 

The condition and operation of the st^ 
Formation of Anti-reflection Rim 

On the hard coat layer, an anti-reflection film composed of four layers of AI2Q3, ZrO^. ZrCfe, and SiO^ was formed. 
Trre substrate lens havirxj 

holder. Then, after the orientation of the substrate lens was changed such that one surface thereof was directed toward 
the vapor deposition source of the vacuum deposition apparate. it was sert to the 

After the vacuum chamber of the vapor deposition apparatus was exhausted to a pressure of 
deposition source of AJ^ was heated and vaporized by an electron beam evaporation technique so as to form an 
Al^ layer on the hard coat layer of the substrate lens surt^ directed toward the v^ 

layer was formed while the geometric thickness thereof was monitored by an optical film-thickness meter such that the 
optical thickness nd of the AI2Q3 layer satisfied nd= A/4 . The optical thickness nd is defined by a product of refractive 
index n of this layer and geometric tfiicknessdtherec^.X is me designed certo 
tic lens for glasses, and X - 510 nm in this exampla 

Then, without breaking the vacuum state of the vacuum deposition apparatus, the vapor deposition source was 
changed to ZrOj. Thereafter, oxygen gas was introduced into the vacuum chamber till the pressure therein became 6.6 
x 10~ 2 Ra_ Then, in a state where the shutter of the ion source was closed, the ion source was actuated such that an 
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oxygen Ion beam was emitted with an ion current density of 16 jiA/cm 2 (beam voltage of 1 ,000 eV) and stabilized. Here, 
the direction of irradiation of the ion beam coincided with the direction of the substrate. Simultaneously, while the shutter 
of the vapor deposition source was dosed, upon heating with an electron beam, Zr0 2 in the vapor deposition source 
was placed hi a preparatory heating state and stabilized. 

5 When both ion source and vapor deposition source were stabilized, their shutters were opened simultaneously so 
as to form a ZrO^ layer on the Allayer. Here, the layer was formed while the geometric thickness thereof was mon- 
itored by the optical film-thickness meter such that the shutters of both ion source and vapor deposition source were 
closed when the optical thickness nd of the layer satisfied nd=A/4. 

Subsequently, the ion current density of the ion source was increased to 76 jiA/cm 2 (beam voltage of 1,500 eV), 

10 and the shutters of both ion source and vapor deposition source were opened again so as to form a ZrO? layer such 
that the optical thickness nd of the layer satisfied nd=A/4 . 

Then, without breaking the vacuum state of the vacuum deposition apparatus, the vapor deposition source was 
changed to SK^. Thereafter, in the state where the shutter of the ion source was still closed, the vapor deposition 
source was placed in a preparatory heating state upon heating with an electron beam. Simultaneously, the ion current 

15 density of the ion source was increased to 76 jiA/cm 2 (beam voltage of 1 ,500 eV). and the shutters of both ion source 
and vapor deposition source were opened so as to form a SiCfe layer such that the optical thickness nd of the layer sat- 
isfied nd=A/4 . 

After the anti-reflection film was thus formed on one surface of the substrate lens, the other surface was directed 
toward the vapor deposition source by means of the substrate surface reversing mechanism accompanying the lens 
20 substrate holder, and an anti-reflection film was formed thereon under the vapor deposition condition similar to that 
mentioned above. 

Example 16 

25 On a surface of a sutetrate plastic lens, a com layer, first, second, and third hard coat layers, 

and a multilayer anti-reflection firm was formed. 

Substrate 

30 The substrate was identical to that of Example 12. 
Apparatus 

The apparatus identical to that of Example 12 was used. 

35 

Preparatory step 

The condition and operation of the preparatory step were identical to those of Example 12. 
40 Formation of Mkxfffied Layer 

The corxfition and operation of the step for forming the modified layer were identical to those of Example 12. 
Formation of Hard Coat Layer 

45 

The condition and operation of the step for forming the hard coat layer were identical to those of Example 1 2. 
Formation of Anti-reflection Film 

so On the hard coat layer, an anti-reflection fim composed of four layers of A^Og, ZrC^, Zr0 2 , and S1O2 was formed. 
The condition and operation of the step for forming the anti-reflection film were identical to those in Example 1 5. 

Example 17 

55 Substrate 

The substrate was identical to that of Example 13. 
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Apparatus 

The apparatus identical to that of Example 13 was used. 
Preparatory Step 

The condition and operation of the preparatory step were identical to those of Example 13. 
Formation of Modified Layer 

The concfition and operation of the step for forming the modified layer were identical to those of Example 13. 
Formation of Hard Coat Layer 

The concfition and operation of the step for forming the hard coat layer were identical to those of Example 13. 

Formation of Anti-reflection Film 

On the hard coat layer, an ami-reflection f Bm composed of fou r layers of AI2O3 , ZrOfc, ZrO^. and SiCfe was formed. 
The concfition and operation of the step for forming the anti-reflection film were identical to those in Example 15. 

Comparative Example 9 

While the thickness values of the substrate, modified layer and first second, and third hard coat layers as well as 
the methods of making the modified layer and first second, and third hard coat layers were identical to those of Exam- 
ples 16, the method of making the anti-reflection film was different therefrom. 

Formation of Anti-reflection Film 

After the third hard coat layer was formed, as in the case of Example 1 5, the substrate was moved to the vacuum 
vapor deposition apparatus, which was then exhausted to a pressure of 1 .3 x 1 0" 3 Pa. Thereafter, while the pressure 
was controlled within the range of 1.3 x 10" 3 to 1.3 x 10" 2 , layers of AfeOa, ZrCfe, ZrOg, and SiCfe were successively 
formed by an electron beam evaporation technique as the anti-reflection fflm. Here, the flm thickness was controlled 
such that the optical thickness nd of each layer satisfied nd=A74 (X = 510 nm). Similarly, an anti-reflection fflm was 
formed on the other surface of the substrate lens. 

Then, the mechanical durabifity of each sample of plastic lenses for glasses obtained by Examples 15 to 17 and 
Comparative Example 9 was evaluated. Evaluation items were: 1 ) adhesion, 2) resistance to scratching, 3) resistance 
to hot water, 4) resistance to heat 5) resistance to acid, and 6) resistance to alkali, as well as the following additional 
item 

7) Falling Sand Test 

Rom a point which is 1 m above the sample, 2 kg in total of silicon carbide with a roughness of #80 (manufactured 
by The Carborundum Ca, Ltd.; product name: Carborundum) were caused to fall down at a velocity of 115 g/rrin. The 
transmrttance of the sample (at a wavelength of 550 nm) was measured before and after the falling of sand. Then, the 
value obtained when the transmittance before the falling of sand was divided by that after the falling of sand was indi- 
cated as a haze value. 

Results of evaluation are shown in Table 4 attached to the last part of the specification. 

Example 18 

The substrate and the conditions and operations for the preparatory step and steps for forming the modified layer 
and hard coat layer were made identical to those of Example 11 . 

Formation of Anti-reflection Fflm 

By means of a holder removing rnecr«nisrr\ each of 12 divided su^ holders was removed from a car- 

ousel type substrate holder and temporarily moved to the load-lock chamber. Then, while the substrate was continu- 
ously run, together with the substrate keeping holder, along two guide rails disposed in a sputtering chamber in the 
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vertical direction thereof, oxygen gas and argon gas were introduced into the sputtering chamber at a ratio of 9:1 so as 
to attain a pressure of 2 to 3 Pa. To each of Ti targets respectively disposed at both side surfaces, electric power of 40 
kW was suppfied, whereby 1 1 5 angstroms of a T1O2 film was deposited on the lens substrate. Then, the substrate was 
moved to the other sputtering chamber together with the substrate keeping holder, and oxygen gas and argon gas were 
introduced into the sputtering chamber at a ratio of 9: 1 so as to attain a pressure of 2 to 3 Pa, where electric power of 
30 kW was supplied to each of S* targets respectively disposed at both side surfaces, as in the case of Ti, whereby 360 
angstroms of a SiCfe film was deposited on the lens substrate as the second layer. Similarly, while the substrate keeping 
holder was alternately moved between the sputtering chambers, four more layers of TK^ and SK>2 films in total were 
formed, thereby yielding six layers in total of the anti-reflection film. 

Here, the thickness values of the third, fourth, fifth, and sixth layers were set to 420 angstroms, 150 angstroms, 350 
angstroms, and 915 angstroms, respectively. Here, the refractive indices of the T1O2 and Si0 2 films at the designed 
wavelength of 550 nm were 2.36 and 1.52, respectively. 

Example 19 

The substrate and the conditions and operations in formations of the modified layer and hard coat layer were made 
identical to those of Example 18. 

Formation of Anti-reflection Film 

The condition and operation for forming the anti-reflection fflm were made identical to those of Example 18. The 
thickness values of thus obtained third, fourth, fifth, and sixth layers were set to 420 angstroms, 150 angstroms, 350 
angstroms, and 915 angstroms, respectively. Here, the refractive indices of the TK)£ and SK>2 films at the designed 
wavelength of 550 nm were 2.45 and 1 .52, respectively. 

Example 20 

The substrate and the conditions and operations in formations of the modified layer and hard coat layer were made 
identical to those of Example 18. 

Formation of Anti-reflection Film 

The condrtion and operation for forming the anti-reflection film were made identical to those of Exarrple 1 9. 

The thickness values of thus obtained third, fourth, fifth, and sixth layers were set to 420 angstroms, 150 ang- 
stroms, 350 angstroms, and 915 angstroms, respectively. Also, the refractive indices of the TiOg and SKD2 fflms at the 
deskpied wavelength of 550 nm were 2.58 and 1.52, respectively. 

Then, the mechanical durability of each sample of plastic lenses for glasses obtained by the foregoing examples 
was evaluated Evaluation items were: 1) adhesion, 2) resistance to scratching. 3) resistance to hot water, 4) resistance 
to heat, 5) resistance to acid, and 6) resistance to alkali, as weD as the following additional items. 

7) Interference Fringe 

Upon irracfiation with natural light samples in which an interference fringe is hardly visfole are designated as good, 
whfle those in which an interference fringe is visible with naked eye are designated as poor. 

8) Antistatic Property 

After the sample lens has been left overnight under a corxfition with a humidity of 65% and a temperature of 20°C, 
the surface thereof is rubbed with a buckskin, and then the antistatic property is judged in terms of whether ash is 
attached thereto or not Samples without ash being attached thereto are designated as A, whereas those to which ash 
attaches are designated as B. 

9) Fog Resistance 

After the sample lens has been left for 30 minutes in an atmosphere with a humkfity of 20% and a terrperature of 
5°C, it is taken into an atmosphere with a humidity of 80% and a temperature of 30°C. and then the time till fog disap- 
pears is measured. 

Results of evaluation are shown in Table 5 attached to specification. 
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Substrate + Modified Layer + Hard Coat Layer + Anti-reflection Rim + Multifunctional Rim 
Example 21 

s A plastic lens having a coat composed of a modified layer, first, second, and third hard coat layers, a multilayer anti- 
reflection film, and a multifunctional thin film on a substrate plastic lens was manufactured. 

Substrate 

w The substrate identical to that of Example 13 was used. 
Apparatus 

The apparatus identical to that of Example 13 was used. 

15 

Preparatory Step 

The conrJtion and operation of the preparatory step were made identical to those of Example 1 3. 
20 Formation of Hard Coat Layer 

The condition and operation of the step tor forming the hard coat layer were made identical to those of Example 13. 
Formation of Anti-reflection Fflm 

25 

The substrate lens having the modffied layer and the hard coat layer formed thereon was moved to the load-lock 
chamber together with the substrate holder. Then, after the orientation of the substrate lens was changed such that one 
surfare thereof was directed to deposition apparatus, it was sent to the 

vapor deposition chamber. 

30 After the vacuum chamber of the vapor deposition apparatus was exhausted to a pressure of 1.3x10~ 3 Pa, an anti- 
reflection film composed of the following four layers was formed on the third hard coat layer of the substrate lens surface 
directed toward the vapor deposition source according to an electron beam evaporation technique under the following 
vapor deposition conditions, As the vapor deposition source, TiO x (0<x<2) was used for the first and third layers, 
whereas SiCfe was used for the second and fourth layers. Vacuum vapor deposition conditions (A: angstrom) 

35 

First layer 



40 



45 



50 



Titanium dioxide 420 A (geometric thickness) 

Pressure at deposition 4 x 1CT 3 Pa (O2 atmosphere) 

Second layer 

Silicon cBoxide 420 A (geometric thickness) 

Pressure at deposition IxtO^Pa 

Third layer 

Titanium dioxide 2,160 A (geometric thickness) 

Pressure at deposition 5 x 10" 3 Pa (O? atmosphere) 

Fourth layer 



Silicon dioxide 1 ,200 A (geometric thickness) 

Pressure at deposition 1x10^ Pa 

After the anti-reflection fBm was formed on one surface of the substrate lens, by the substrate surface reversing 
mechanism accompanying the lens substrate holder, the other surface was directed toward the vapor deposition 
source, and an anti-reflection fflm was formed thereon again under the vapor deposition conditions similar to those 
mentioned above. 
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Formation of Multifunctional FBm 

After the anti-reflection film was formed, the lens was returned to the load-lock chamber together with the holder 
and then, together with the holder, transferred to a plasma vacuum chamber. Into the plasma vacuum chamber, 
bis(cfirnethytarruno)m and nrtroethane were introduced at rates of 5 to 50 SCCM and 0.5 to 5 SCCm! 

respectively, so as to set the pressure in the vacuum chamber to 3 Pa. Under this condition, current of 2.6 A was caused 
to flow through the external electromagnet coil, while 0.5 kW of a radio-frequency output was applied to the cathode. 
Accordingly, a thin film of an amkJorcontaining organic silicon compound (specific compound name: bts(dimethyl- 
anrorioJmethyMnylsilane, 1,3-bis(critorornethyl)-1. 1 ,3,3-telramethylsilazane, 1 ,3-drvinyM , 1 ,3,3-tetramethyisilazane, or 
the like) was formed with a thickness of 50 angstroms on the anti-reflection film. 

According to these steps, a plastic tens having the modified layer, first, second, and third hard coat layers, multilayer 
anti-reflection film, and multifunctional thin film on each surface of the substrate lens was manufactured. 

Comparative Example 10 

For comparison, prepared was a lens in which the modified layer to the anti-reflection film were formed on the sub- 
strate identical to that of Example 21 according to the steps of Example 21 . 

(Evaluation) 

The plastic lenses for glasses obtained by the foregoing examples were evaluated- Items and methods of evalua- 
tion are as follows. Namely, evaluation items were: 1) adhesion, 2) resistance to scratching, 3) resistance to hot water, 
4) resistance to heat 5) resistance to add, 6) resistance to alkali, 7) interference fringe, 8) antistatic property, and 9) 
fog resistance, as well as the following additional items. 

10) Resistance to Shock 

In Example and Comparative Example, those using a lens with a center thickness of 1 .2 mm as the substrate lens 
are employed as samples. Based on the FDA Standards of the United States, those which are not broken when a steel 
baD of 16.4 g is dropped at the center portion of the sample lens from the height of 1 27 cm are considered acceptable. 

11) Water Stain Property 

Tap water is dropped on the surface of a sarnie lens, dried, arid men me ^ Samples 
in which the residue can be completely wiped off are evaluated as A. while those with the remaining residue are evalu- 
ated as B. 

12) Angle of Contact 

It is measured with a contact angle meter (type: CA-D; manufactured by Kyowa Chemical Industry Co., Ltd.) 
according to a droplet technique 

Results of evaluation are shown i n Tabl es 6 and 7 attached to the last part of the specification . 

From Table 6, it is seen that the sample of Example is superior to that of Comparative Example in terms of adhe- 
sion, resistance to scratching (steel wool), and resistance to acid. Also, from Table 7, it is seen that, while water stain 
occurs in the sample of Comparative Example, it does not occur in the sample of Exampla Further, as compared with 
the sample of Comparative Exampla the sample of Example has a smaller angle of contact and a higher hydrophilic 
property. Moreover, it is seen that the sample of Example is hard to be fogged and has a higher antistatic property. The 
resistance to scratching (with sand eraser), resistance to hot water, resistance to heat resistance to alkali, resistance 
to shock, and generation of interference of the sampl e of Exampl e are on a par with the sample of Comparative Exam- 
ple. 

Example 22 

The plastic lens provided with a coat manufactured in Example 1 5 was further dipped into a dipping solution bath 
containing hexarnethykfisiazane Then, it was heated and cured for 30 minutes at 65°C, whereby a water-repellent thin 
film, which functions as an anti-water-stain coat was formed on the anti-reflection film 
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Example 23 

The plastic lens provided with a coal manufactured in Example 16 was further dipped into a dipping solution bath 
containing hexamethyUisilazana Then, it was heated and cured for 30 minutes at 65°C, whereby a water-repellent thin 
fflm, which functions as an anti-water-stain coat was formed on the anti-reflection film. 

Example 24 

The plastic lens provided with a coat manufactured in Example 17 was further dipped into a dpping solution bath 
containing hexamethyldisilazana Then, it was heated and cured tor 30 minutes at 65°C, whereby a water-repellent thin 
tarn, which functions as an anti-water-stain coat was formed on the anti-reflection film. 

Results of evaluation are shown in Table 8 attached to the last part of the specification. 



Table 1 



Amount of Organic Compound Gas and Refractive Index 


Gas speictes and gas flow rare 


Refractive index 


Tetra-i-propaxytrta- 
niumTKO-i-CaHy) 


Diethox>dimethytsflane 


Oxygen 0 2 




0 


100 


0 


1.50 


9 


20 


27 


1.56 


9 


11 


27 


1.60 


9 


6 


27 


1.67 



Table 2 





Adhesion 


Scratching 
resistance 


Hot-water 
resistance 


Alkali resistance 


Acid resistance 


Heat resistance 






SW 


SE 










Ex.2 


Good 


A 


A 


Good 


Good 


Good 


Good 


Ex.3 


Good 


A 


A 


Good 


Good 


Good 


Good 


Ex.4 


Good 


A 


A 


Good 


Good 


Good 


Good 


Ex.5 


Good 


A 


A 


Good 


Good 


Good 


Good 


Ex.6 


Good 


A 


A 


Good 


Good 


Good 


Good 


Ex.7 


Good 


A 


A 


Good 


Good 


Good 


Good 


Ex.8 


Good 


A 


A 


Good 


Good 


Good 


Good 


Ex.9 


Good 


A 


A 


Good 


Good 


Good 


Good 


Ex.10 


Good 


A 


A 


Good 


Good 


Good 


Good 


Comp. Ex.3 


Poor 


B 


A 


Good 


Poor 


Good 


Good 


Comp. Ex.4 


Poor 


B 


A 


Good 


Good 


Good 


Poor 


Comp. Ex.5 


Good 


B 


A 


Good 


Poor 


Good 


Good 


Evaluation of Scratching Resistance 

A: No damage 

B: Many damages occur. 

SW: Steel wool 

SE: Sand eraser 
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Table 3 





Adhesion 


Scratching 
resistance 


Hot-water 
resistance 


Heat resistance 


Drug Resist- 
ance 






SW 


SE 






Acid 


Alkali 


Ex.11 


Good 


2A 


A 


Good 


Good 


Good 


Good 


Ex. 12 


Good 


2A 


A 


Good 


Good 


Good 


Good 


Ex. 13 


Good 


2A 


A 


Good 


Good 


Good 


Good 


Ex. 14 


Good 


2A 


A 


Good 


Good 


Good 


Good 


Comp. Ex.6 


Poor 


B 


AB 


Poor 


Poor 


Poor 


Good 


CompL Ex. 7 


Poor 


B 


AB 


Poor 


Poor 


Poor 


Good 


CompL Ex.8 


Poor 


B 


AB 


Poor 


Poor 


Poor 


Good 


Evaluation of Scratching Resistance 

2A: No damage. 

A: Several damages. 

AB: Several tens of damages. 

B: Many damages occur. 

SW denotes cases where steel wool rs used. 

SE denotes cases where sand eraser is used. 
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Table 4 





Adhesion 


Scratching 
resistance 


Hot-water 
resistance 


Heat resistance 


Drug Resist- 
ance 


Falling sand 






SW 


SE 






Acid 


Alkali 




Ex.15 


Good 


2A 


A 


Good 


Good 


Good 


Good 


0.9 


Ex. 16 


Good 


2A 


A 


Good 


Good 


Good 


Good 


1.2 


Ex.17 


Good 


2A 


A 


Good 


Good 


Good 


Good 


1.2 


Comp. Ex.9 


Good 


B 


A 


Poor 


Poor 


Poor 


Good 


2.0 


Evaluation of Scratching Resistance 

2A: No damage. 

A: Several damages 

AB: Several tens of damages. 

B: Many damages occur. I 
SW denotes cases where steel woo) is used. 
SE denotes cases where sand eraser is used. 
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Table 5 



5 




Adhesion 


Scratching 
resistance 


Hot- 
water 

resist- 
ance 


Heat resist- 
ance 


Drug resistance 


Interfer- 
ence 
Fringe 


Anti-static 
Property 


Fog 
registanc 
e(sec) 








SW 


SE 






Acid 


Alkali 








10 


Ex.18 


Good 


2A 


A 


Good 


Good 


Good 


Good 


Good 


A 


90 




Ex.19 


Good 


2A 


A 


Good 


Good 


Good 


Good 


Good 


A 


70 




Ex.20 


Good 


2A 


A 


Good 


Good 


Good 


Good 


Good 


A 


70 


15 
20 


Evaluation of Scratching Resistance 

2A: No damages. 

A : Several damages. 

AB: Several tens of damages. 

B : Many damages occur. 

SW: Steel Wool. 

SE: Sand Eraser. 
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Table 6 







Adhesion 


Scratching 
resistance 


Hot-water 
resistance 


Heat resist- 
ance 


Drug Resist- 
ance 


Shock 
resistance 


Interference 
Fringe 


30 






SW 


SE 






Acid 


Alkali 








Ex.21 


Good 


A 


A 


Good 


Good 


Good 


Good 


AC 


Good 




Comp. 
Ex. 10 


Poor 


AB 


A 


Good 


Good 


Poor 


Good 


AC 


Good 


35 


SW: cases where steel wool is used. 
SE: cases where sand eraser is used. 
AC: acceptable. 
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Table 7 





Water stain 


Contact angle (deg) 


Fog resist- 
ance (sec) 


Antistatic Property 


Ex.21 


A 


7 


20 


A 


Comp. Ex. 10 


B 


35 


70 


B 



50 
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Table 8 





Adhesion 


Scratching 
resistance 


Hot-water 
resistance 


Heat resistance 


Drug Resist- 
ance 






SW 


SE 






Acid 


Alkali 


Ex.22 


Good 


A 


A 


Good 


Good 


Good 


Good 


Ex.23 


Good 


A 


A 


Good 


Good 


Good 


Good 


Ex.24 


Good 


A 


A 


Good 


Good 


Good 


Good 


Evaluation of scratching Resistance 

A: No damages. 

B : Many damages occur. 

SW: Steel Wool 

SE: Sand Eraser 



Q aims 

1. An optical article comprising a substrate made of a synthetic resin; a modified layer formed on said substrate, said 
modified layer having a refractive index changing with changes in the thickness thereof; and a hard coat layer 
formed on said modified layer so as to be continuous with said modified layer, said hard coat layer having a thick- 
ness relative^ larger 

constant with changes in the thickness thereof. 

2. An optical article according to claim 1 , wherein said modified layer contains at least one of Sn-type, Zr-type, AJ-type, 
HMype, Ta^ype, Si-type, SWype, Trtype, W4ype, Fe-type, In-type, and Y-type organic compounds, while said 
hard coat layer contains at least one of Sn-type, Zr-type, Al-type, Hf-type. Ta-type, Si-type, Sb-type. TMype, W-type, 
Fe-type, In-type, and Y-type organic compounds. 

3. An optical article accorcfing to claim 1 , wherein said mocfif ied layer contains at least one of Sn-type, Zr-type, AJ-type, 
HMype. Ta-type. Si-type. Sb-type. THype. Wtype, Fe-type. In-type, and Y-type organic compounds, while said 
hard coat layer contains Si and O. 

4- An optical artide accorcfing to c^ layer contains at least one of Si-type and H-type com- 

pounds, while said hard coat layer contains Si and O. 

5. An optical article according to any of claims 1 to 4. wherein said mocfified layer has a thickness greater than 100 
rtm but smaller than 900 nm. whfle said riard coat layer has a mk^mess greater than 0.4 jim but smaller than 5 jim. 

6. An optical article comprising a substrate made of a synthetic resin which transmits light therethrough; a modified 
layer formed on said substrate, said rmxfified layer having a reto 

thereof; a hard coat layer formed on said mocfified layer so as to be continuous with said modified layer, said hard 
coat layer having a thickness relatively larger than the thickness of said modified layer and having a refractive index 
which is substantially corc^ and an anti-reflection «m formed on said hard 

coat layer. 

7. An optical article accorcfing to claim 6. wherein said mocfif ied layer contains at least one of Sn-type, Zr-type. Al-type, 
HMype. Ta-type. Srtype. Sb-type, TRype. Wtype. Fe-type. In-type, and Y-type organic compounds, while said 
hard coat layer contains at least one of Sn-type, Zr-type, Al-type, Hf-type, Ta-type, Si-type, Sb-type. Ti-type, W-type. 
Fe-type, In-type, and Y-type organic compounds. 

a An optical article according to claim 6, wherein said mocfif ied layer contains at least one of Si-type and Ti-type com- 
pounds, wh3e said hard coat layer contains Si and O. 

9. An optical article according to any of claims 6 to 8. wherein said modified layer has a thickness greater than 100 
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nm but smaller than 900 nm, while said hard coat layer has a thickness greater than 0.4 jim but smaller than 5 urn. 

10. An optica] article according to any of claims 6 to 9. wherein said anti-reflection film comprises first second, third, 
and fourth layers successively slacked on the substrate, said first layer containing titanium oxide or zirconium oxide, 

5 said third layer containing titanium oxide or zirconium oxide, and said second and fourth layers containing silicon 
oxide. 

11. An optical article according to any of claims 6 to 9, wherein said anti-reflection film comprises first, second, third, 
and fourth layers successively stacked on the substrate, and wherein, assuming that an optical thickness of a layer 

w is a product of a geometric thickness thereof and a refractive index thereof and that X is any value of at least 450 
nm but not exceeding 550 nm, the optical thickness of each of the first and second layers in said anti-reflection film 
is at least 0.05 x X but not exceeding 0. 15 x A, the optical thickness of the third layer is at least 0.36 x X but not 
exceeding 0.49 x K and the optical thickness of the fourth layer is at least 0.15 x X but not exceeding 0.35 x X 

15 12. An optical article according to any of claims 6 to 9, wherein said anti-reflection film comprises first second, third, 
and fourth layers successively stacked on the substrate, said first layer containing aluminum oxide, said second and 
third layers containing zirconium oxide, and said fourth layer containing silicon oxide. 

13. An optical article according to claims 12. wherein, assuming that an optical thickness of a layer is a product of a 
20 geometric thickness thereof and a refractive index thereof and that X is a center wavelength^ light incident on said 
anti-reflection fflm, the optical thickness of each of the first second, third, and fourth layers of said anti-reflection 
him is A/4- 
14. Anopticalartdeaccordngtoanyof(dainrK6to9, wherein said anti-reflection film is formed by T1O2 and S1O2 films 
25 which are alternately stacked on each other, and wherein said TO2 film has a refractive index of at least 2.36 but 
smaller than 2.60 with respect to light having a wavelength of at least 500 nm but smaller than 550 nm. 

15. An optical article comprising a substrate made of a synthetic resin; a modified layer formed on said substrate, said 
modified layer having a refractive index changing with changes in the thickness thereof; a hard coat layer formed 
30 on said modified layer so as to be continuous with said modified layer, said hard coat layer having a thickness rel- 
atively larger than the thickness of said modified layer and having a refractive index which is substantially constant 
with changes in the thickness thereof; an anti-reflection f 3m formed on said hard coat layer; and a multifunctional 
thin film formed on said anti-reflection film. 

35 16. An optical article according to daims 15. wherein said nonfunctional fflm comprises an amido-containing organic 
silane compound. 

17. An optical article according to claims 15, wherein said murtrfunctional fflm comprises an organic silazane com- 
pound expressed by the Mowing general formula: 

40 

CpF 2 P + lCH 2 CH 2 Si(NH) 1 . 5 

wherein p is a positive integer. 

45 18. A method of making an optical article comprising a first step in which a substrate made of a synthetic resin is set 
within a magnetic field in an apparatus which is maintained under vacuum, an organic compound gas selected from 
the group consisting of SrHype. Zr-type. AMype, Hf-type. Ta-type, Si-type. Sb-type, THype, W-type, Fe-type, In- 
type; and Y-type organic confounds is heated, vaporized, and torr^ 

vided and a radio-frequency output is applied thereto for a predetermined time, and a flow rate of said organic com- 
50 pound gas and the rarJo-frequency output are controlled so as to form a modified layer on said substrate, said 
modffied layer having a refractive index changing with changes in the thickness thereof; and a second step in which 
at least one organic compound gas selected from the group consisting of Sn-type, Zr-type, Al-type, Hf-type, Ta- 
type; Si-type, Sb-type, THype, W-type, Fe-type, In-type, and Y-type organic compounds is caused to flow in suc- 
cession to said modified layer forming process, and the flow rate of thus flowing organic compound gas and the 
55 ratfo-frequency output are controlled so as to form a hard coat layer on said modified layer in succession to said 
mooted layer, said hard coat layer being relatively thicker than said modified layer and having a refractive index 
substantiaDy constant with changes in the thickness thereof. 

19. A method of making an optical article according to claim 1 8, wherein at least one of an organic compound gas con- 
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taining Si and an organic compound gas containing Ti is used in the first step, while a mixed gas of the organic com- 
pound gas containing Si and oxygen gas is used in the second step. 

20. A method of making an optical article comprising a first step in which a substrate made of a synthetic resin is set 
within a magnetic field in an apparatus which is maintained under vacuum, an organic compound gas selected from 
the group consisting of Sn-type, Zr-type, Al-type, Hf-type, Ta-type, Si-type. Sb-type, Ti-type, W-type, Fe-type, In- 
type, and Y-type organic compounds is heated, vaporized, and turned into a plasma state as a magnetic field is pro- 
vided and a radio-frequency output is applied thereto for a predetermined time, and a flow rate of said organic com- 
pound gas and the radio-frequency output are controlled so as to form a modified layer on said substrate, said 
modified layer having a refractive index changing with changes in the thickness thereof; a second step in which at 
least one organic compound gas selected from the group consisting of Sn-type, Zr-type. Al-type, Hf-type. Ta-type. 
Si-type. Sb-type, TKype, W-type, Fe-type, In-type, and Y-type organic compounds is caused to flow in succession 
to said modified layer, and the flow rate of thus flowing organic compound gas and the radio-frequency output are 
controlled so as to form a hard coat layer on said modified layer in succession to said modified layer, said hard coat 
layer being relatively thicker than said modified layer and having a refractive index substantially constant with 
changes in the thickness thereof; and a third step in which, subsequent to the second step, a vacuum evaporated 
multilayer anti-reflection film is formed on said hard coat layer in the apparatus maintained under vacuum. 

21. Arrethodof rrakinganopticaJari^ wherein at least me of an organic oxTpound gas con- 
tairwxj Si and an organic (xxnpou^ 

pound gas containing Si and oxygen gas is used in the second step. 

22. A method of making an optica] article according to any of daims 20 to 2 1 . wherein zirconium oxide is used to form 
second and third layers, while silicon oxide is used to form fourth layer by an ion-beam assisted deposition, after 
aluminum oxide is used to form first layer. 

23. A method of making an optica! article according to any of claims 20 to 21, wherein said anti-reflection fflm com- 
prises first second, third, fourth, fifth, and sixth layers successively stacked on the substrate, said anti-reflection 
film being formed as titanium oxide and silicon oxide films are alternately stacked on each other. 

24. A method of making an optical article according to any of claims 20 to 21 , wherein said anti-reflection film is formed 
by "HQ2 and SK^ fflms which are alternately laminated on each other by a sputtering method, and wherein said 
TO2 fflm has a refractive index of at least 2.36 but smaller than 2.60 with respect to light having a wavelength of at 
least 500 nm but smaller than 550 ran 

25. A method of making an optical article according to any of claims 20 to 21 . wherein at least one of atmospheres of 
the first and second steps has a pressure greater than 0.1 Pa but smaller than 13 Pa. 

26. A method of making an optical arbde according to any of ciaims 20 to 21 , wherein the surface of the hard coat layer 
is activated by being exposed in the plasma of the gas containing at least oxygen in the step between the second 
step and the third step. 

27. A method of making an optical article comprising a first step in which a substrate made of a synthetic resin is set 
within a magnetic fieW in an apparatus which is maintained under vacuum, an organic compound gas selected from 
the group consisting of Sn-type. Zr-type. Al-type. Hf-type, Ta-type, Si-type, Sb-type. Ti-type, W-type, Fe-type. In- 
type, and Y-type organic compounds is heated, vaporized, and turned into a plasma state as a magnetic field is pro- 
vided and a radio-frequency output is applied thereto for a predetermined time, and a flow rate of said organic com- 
pos gas and the radio-frequency output are controlled so as to form a modified layer on said substrate, said 
modified layer having a refractive index changing with changes in the thickness thereof; a second step in which at 
least one organic compound gas selected from the group consisting of Sn-type, Zr-type, Al-type, Hf-type, Ta-type, 
Si-type, Sb-type, THype, W-type. Fe-type, In-type, and Y-type organic compounds is caused to flow in succession 
to said modified layer, and the ftow rate of thus flowing organic compound gas and the radio-frequency output are 
controlled so as to form a hard coat layer on said modified layer in succession to said modified layer, said hard coat 
layer being relatively thicker than said modified layer and having a refractive index substantially constant with 
changes in the thickness thereof; a third step in which, subsequently to the second step, a vapor-deposited multi- 
layer anti-reflection fBm is formed on said hard coat layer in the apparatus maintained under vacuum; and a fourth 
step in which, subsequently to the third step, an organic compound gas containing Si and a gas containing a nrtro 
compound are introduced onto said anti-reflection film and reacted with each other by a chemical vapor deposition 
technique using a plasma so as to form a multifunctional film comprising an amido-containing organic silane com- 
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pound on said anti-reflection fflm. 

28- A method of making an optical article according to claim 26. wherein said nonfunctional f Dm comprises an organic 
silazane compound expressed by the following general formula: 

5 t 

CpFaP^iC^CH^ifNH)!^ 

wherein p is a positive integer. 

w 
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